Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



iLCD, Google 



iLCD, Google 



/I I ">0"«TY OF - 

Unwmtyf 




migm 

VRTES SCIENTIA VERITAS 



izecoy Google 



ASPHALTE EOADWAYS. 



M. LEON MALO. 



FROM A PAPER 
READ BEFORE THE SOCIETY OF CIVIL ENQINEERS AT PARIS. 



TKANSLAIED BY J. HEUDEKSON. 



E. & r. N. 8P0N, 125, 8TBAND, LONDON. 

NEW TOBE: 8S, HUBBAY STBEETT. 



£W«iwd at atatiOMn' Bait. 



iLCD, Google 



iLCD, Google 






Trinspottauon 
Llbii7 

TE 



CONTENTS. 



Rapid Qsowtb of PABiaiAtr T^affio 

Maoavau banibbed fboh Pabis 

CoLOKBL Haywood's Opibion on Abphaltb Boadwayb 

Bbbult of EHFLOTiHa Bad Matbbuu 

Wood Patiho frcjudioul to Pobuo Health 

bbquibehenta of thb koadwat of thb futubb , . 

Beblin Boadways in 1876 and 1884 

Decay of Woodbn Roadways 

FUTUBE FbOSFEOTB of AfiPHALTB 

Yabioub Abpbaltes ehploted 

PoBTi.ANi> Obkbnt Conobbtb FonNDATiOKB . . 

TThhbai/tht Stbbbts 

Pbofbbbob Dibtkioh'b Rbpobt on Wood PAvraa 

Sanitabi Adtahtaobs of Asphaltb 

DisoDBSiON OM M. Malo's Papeb 

M. MoLiHOs' Oritioisii on M. MALo'e Papbb 
- M. Malo's Rbflt to M. Molinob' Stbiotubbb 
Woodbk Boadways Rbpatbd with Abpbaltb 

AflPHALTB ABB Wood aftbb Bain 

DiFPBBENT SrBTBMB OF WooD Pavibo at Bbblih , , 
Pbiobs of Abphaltb ajid Wood Patbmentb 



oy Google 



izecDy Google 



ASPHALTE ROADWAYS. 



Meeting of the 20th February, 1885. 

I. 

It is a phenomenoD as well known as it is difficult 
to explain, that the more space there is accorded 
to the Parisian traffic, the more that traffic is 
increased. 

Hardly have they opened a great artery, than it 
is already insufficient, without the parallel arteries 
having experienced appreciable relief. Since the 
Boulevard Sebastopol was constructed, the Rues 
Saint Martin and Paint Denis are more crowded 
than ever. On opening the Avenue de I'Op^ra, 
the neighbouring streets were no freer ; although 
the official returns showed in the new street a daily 
traffic of 35,000 vehicles. The continuation of the 
Bue de Rivoli has not diminished in the slightest 
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2 ON A8PHALTB ROADWAYS. 

■ the bustle ia the Rue St. Honor^, quite the con- 
trary ; and yet the municipal statistics reveal to- 
day, in this same Rue de Rivoli, at the corner of 
the Rue du Louvre, the enormous number of 42,000 
vehicles during the twenty-four hours. 

How shall this growth be stopped ? With what 
materials shall the public highways be strengthened 
in order to resist this torrent, every day more 
threatening to the roads ? From whence will they 
take these materials? How will they employ 
them ? Such are the serious and abstrose questions 
which do not cease, they say, to occupy so acutely 
the municipal government, and certainly not with- 
out r 



One can well understand, besides, the number of 
new experiments tried lately, with the view erf" 
replacing, by methods less barbarous, the modes of 
paving that have beea bequeathed to us by our 
forefathers. An equal sign can be seen in the 
visits recently made to several foreiga capitals by 
the engineers in the service of the municipality ; 
fruitful visits moreover, as shown by the very 
solid and very interesting report that the chief 
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ON ASPHAXTE EOADWATS. 3 

engineer M. Barabant has published on his notes 
brought back from London. The subject is the 
order of the day, eminently real and pressing ; it 
bears with considerable weight on the conditions of 
well-being, the comfort and the healthiness of the 
city of Paris, and on the economy of its budget ; 
and has therefore a decided place in the discussions 
of our Society. 

Whether it be an adnuiti^ or a misfortnne, it is 
certain that our desire for progress never ceases to 
increase ; we are greedy for improvements, each 
day must bring its own, without which we believe 
we are receding. The numerous discoveries which, 
in the last quarter of a century, have transformed 
the conditions of the well-being of the public, have 
rendered us insatiable. The public highway ought 
to adapt itself to these exigencies ; a system of 
roadways, which nevertheless was at its beginning 
considered a beneficent importation, has recently 
been cast aside ; I'empierrement, better known 
under the name of macadam, has been abolished 
throughout the whole central part of Paris. 

The suppression of this system has been favour- 
B 2 
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4 ON ASPHALTE ROADWATB. 

ably receiyed by the framera of the town's budget, 
firstly, because this rainoos roadway had over- 
weighted the finances, and next by the street in- 
habitants who fi)r a long time had submitted to it 
as a nuisance. It has been replaced, hurry-scurry, 
by a newly arrived process, already apphed with 
varying fortunes, in several large foreign towns \ I 
allude to wood paving. Cautious people consider 
that it is perhaps a little rash in taking up this 
innovation, precisely when it is being repudiated in 
some foreign countries; but the material was at 
band, there was a hurrying to get rid of macadam, 
and it was necessary to walk on something. At 
this critical hour, compressed asphalte, by a chain 
of circumstances of which I shall say a few words 
shortly, bad just passed through trials which had 
put it in a delicate position with the Parisian 
population ; it is thus easy to explain the sudden 
and to a certain extent merited demand which 
hailed the appearance, three years ago, of the 
revived and improved wood j>aving. To supplant 
macadam was for wood already a sufficient title to 
public favour. The future will tell if the propor- 
tions of the experiment have not been, from the 
first hour, somewhat exaggerated. 
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Be that as it may, it must be acknowledged that 
some somid merits recommended it to the engineers 
and architects. Amongst these merits, the most 
important, in my eyes, was that in accordance with 
the principle, too long slighted and on which should 
be baaed aU fiiture systems of paving employed in 
popnlons qoarters, if it is intended to withstand the 
accelerated increase of the Parisian traffic, the most 
wearing in the world ; that is, the principle which 
onsists in sabstitnting for a hard matter, like stone 
paving, a snbstance comparatively elastic resting on 
a firm foundation and intended to play the r6le of 
cushion between the wheels of the vehicles and 
the resisting concrete of the roadway. 

On these grounds, above all, wood ought to be 
challenged to prove its efficacy by the side of 
asphalte, already in possession of so many pnblic 
streets, and demonstrate by its use the tmth of the 
principle I have just enounced; and, though the 
trial-surface appears to have been extended more 
considerably than perhaps common prudence per- 
mits, we ought to congratulate ourselves on this 
new advance towards the suppression of hard 
and noisy roadways, which will follow sooner or 
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later, but certainly, the already accomplished ex- 
pulsion of macadam. 

It is not in Paris alone that there is anxiety as 
to the progressive development of the trafiSc, and of 
lis influence on the preservation of the public high- 
ways ; the book of M. Bar^bant informs us that in - 
London the application of new ^sterns is multi- 
plying, asphalte and wood at the head. Asphalte 
especi^y, which not having been badly worked in 
London as it has recently been in Faria, is deemed 
in the opinion of English engineers the roadway 
of the future. 

** In London," says M. Barabant, " the success of 
the aspbalte may be considered as almost complete ; " 
and further on, " Colonel Haywood, whose opinion 
is of such great weight in these matters, does not 
conceal, that in bis opinion asphalte is the best 
feeing for roadways, at least for the City." It was 
well to seek from the foreigner this rehabilitation 
of asphalte so pitiably maltreated at home. M. 
Barabant has related to us in this chapter the senti- 
ments of the English. After a study, less comjdete 
it is true, and less profound than his, I have 
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ON ASPHALTE E0ADWAT8. 7 

recently brought back those of the German 
engineers, and I believe it will be nseful to make 
them known. 

Before speaking of them, I ought to explain here, 
in order to make clear that which has preceded and 
that which is to follow, how, for five years, from 
1877 to 1883, the construction and maintenance of 
the asphalte roadways of Paris had been by an un- 
fortunate decision withdrawn from the company 
who had introduced and acclimatised them in 
France ; bow, in leaving its hands, they bad iallen 
by the bard law of lowest tender into those of a 
society of which it will suffice to say, that .after 
having deplorably contaminated these roadways by 
employing suspicious materials, it has finished by 
a big financial catastrophe, leaving to those whom 
it had supplanted the unenviable task of remedying 
the evil done. 

These things are of notoriety in the world of 
public works ; that is why I speak thereon without 
more reserve. For eighteen months the new con- 
tractors have worked to remove the consequences 
of this costly mistake, they had the task in con- 
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sequence of reconstructing last year from end to 
end, the Rue de Richelieu, and other streets, at 
the same time that they have maintained the old 
streete in as good a condition as possible under 
the circumstances. But this is a long story, and 
the public, which is not accustomed to inquire 
into the cause of things which offend it^ has 
naturally retained a disagreeable impression of the 
affair. 

This momentary and partial eclipse of asphalte in 
Paris has eridently helped to open wide the door to 
wood paving, and I am the first to recognise that 
we ought to congratulate ourselves upon it When 
the last hour of stone paving shall have struck, 
these two auxiliaries will not be too many to 
replace it. Each of these systems has its distinctly 
marked place in the Parisian public highways. 
Wood, if the vast experiment that has been made 
really succeeds, will remain suited for the paving 
of wide places exposed to the air, asphalte for 
narrow streets, where wood, with its spongy nature 
and its propensity to absorb moisture, would, if it 
were imprudently increased, cause great prejudice 
to the public health. The cities of London, New 
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York, and Washington were the first to make this 
disagreeable discovery ; we ought to profit by their 



Be that as it may, it now appears certain that 
the roadway of the future will necessarily be an 
elastic and noiseless roadway, and at the same time 
durable. Stone paving is not strong enough to 
resist the destructive traffic that it has henceforth 
to bear. If it is simply laid on a layer of coarse 
sand, as heretofore, it quickly gets out of order, 
becomes uneven, and ends by presenting inequalities 
of such a nature that the wear and tear of the 
vehicles is greatly increased. 

If it has for a foundation a bed of rigid concrete, 
as has been the practice lately, it becomes horribly 
hard and noisy ; without taking into account that, 
in certain very crowded streets, it becomes crushed 
between the unyielding foundation and the wheels 
of the vehicles, it cracks, sometimes is pulverised, 
and necessitates thereby frequent repairs. The days 
of paving setts then are numbered ; when trials of 
sufiBcient duration shall have pointed out the best 
elastic roadways, asphalte, wood, or others yet 
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10 ON A8PHALTB ROADWAYS. 

tmknown, the paving of Eii% Philip Augustas will 
go to rejoin macadam in the saborbs and on conntry 
roads. 

This critical situation has natnrally led specialists 
to cast their eyes around them to seek for and to 
utilise the experience of others; hence the works 
which I haTe mentioned above. I have myself 
been able recently to take some notes in Germany 
that perhaps are suitable for throwing their modest 
share of light on this great question. I believe, 
then, it will not be useless to recapitulate them 
here. It is not that I have discovered there any- 
thing particularly new, anything, so to say, created, 
the greater part of the methods employed on the 
banks of the Spree have come in a direct line 
from those of the Seine or the Thames ; but, in 
copying them, the Berliners have produced works 
so careful, so methodical, and so conscientiously 
studied, that we can regard them almost as inno- 
vations, and bring back with profit the practice 
among us. 
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No one can be ignoraot that in the last fifteen 
years the city of Berlin has extended and embellished 
itself with an expansiTO force hardly credible. It 
wonld be too painM, and moreover snperflaoas, to 
recall by what train of circnmstances, by means of 
what resources it has procured this rapid prosperity. 
It is not necessary to wander into inquiries of this 
description, if one wishes to approach with the 
coolness and the impartiality befitting science, the 
study of those things which are the object of this 
work. 



This is certain, that the Berlin Public Roadway 
authorities must have had some trouble to follow, 
in its nnheard-of development, this spread of a 
city, the population of which has doubled in twenty 
years, and the traffic of which has increased in the 
same proportions. It has attained, however, thereto, 
and we Frenchmen have done sometliiDg to help 
them with our ideas as well as with our war 
indemnity. 
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Some statistics first, in order to establish the 
elements of the debate : 

Id 1876, that is to say at the time when the 
mfuntenaDce of the roadways passed from the hands 
of the State into those of the city, the capital of 
Pmssia had 4,476,000 square yards of public 
highways, that is to say : 

14,400 square yards of stone paving merely 
laid on sand, but nevertheless pretty well pre- 
served. 

4,018 square yards of stone paving knocked out 
of shape by the trafSc, imperfectly maintained, and 
of a literally frightful appearance. 

432,000 square yards of macadamised roadways. 

12,000 square yards of compressed asphalte. 

At the present hour, they count there 

450,000 square yards of stone paving laid on a 
very solid foundation, with joints of sand and bitu- 
men, as I shall describe later on. 
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664,000 square yards of stone paving laid on a 
simple bed of coarse sand (in the streets where the 
traffic is slight) and maintained notwithstanding in 
good condition. 

3,705,600 square yards of very defective stone 
paving, laid cheap in districts in which the drainage 
works are not yet executed, conseqaently sure to 
be replaced some day or other. 

579,600 square yards of macadamised roadways, 
principally in out-of-the-way quarters and in the 
Tfaiergarten or Zoological Ghirdens, the Bois de 
Boulogne of Berlin. 

384,000 square yards of compressed asphalte 
roadways. 

48,000 square yards of wood paving. 

The re-formation of the public highways of 
Berlin k entrusted to an engineer of great merit, 
M. RosiKitt, who has devoted himself less to do 
grandly and rapidly than to do solidly and darably. 
He is assisted in this by an able colleague 
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M. Qotheiner. It wiH cost my patriotUm nothing 
to declare that if iu many circamstances they have 
borrowed from us the first ideas of their improve- 
ments, we might imitate, withoot harm, their 
methodical study of detail, the perfection, in even 
the smallest particulars, of their manners of work- 
ing, I would almost say their procrastination ; all 
qualities which would come in time to counter- 
balance the ardour and impatience of our national 
character (in our public works, I mean). 

Here are some special remarks upon the materials 
actually employed by them in the public highways 
of Berlin. 

The ordinary paving stones are of Swedish 
(Karlskrona) granite, except some thousands of 
metres of Belgian porphyry. The paving stones 
arrive at the site of the work all examined and 
ready for laying. The Swedish granite is from 
7^ in. to 8 in. in thickness, the Belgian porphyry 
from 6 in. to 6:^ in. 

The method of laying most generally followed is 
this : on the subsoil a fii^t layer of 4 inches of broken 
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granite is spread, then a second bed of the same 
granite, crushed smaller. This total bed of 8 inches 
is forcibly compressed by means of a fifteen-ton 
steam roller, after which it is covered with a 
thickness of 1 in. to 1^ inches of river sand. 
Above this is placed the dry stone, with joints from 
I to J inch, which are filled about half the height 
with fine gravel ; the remaining space receives a 
mixture of pitch and creosote. This is exactly the 
system now in use in the principal streets of Liver- 
pool. Beneath the tramway lines, whether the 
roadways be paving stones, asphalte or wood, the 
foundation is always made of Portland cement 
concrete. 

I woald point out here that the paving setts, 
granite or porphyry, employed at Berlin, are divided 
into three categories. 

The first class, reserved for those streets that are 
definitely finished, is a perfect parallelepiped. 

In the second class, the lower surface of the stone 
is equal to fonr-fifths of the upper. 

In tJie third, it is two-thirds. 



oy Google 



16 ON AgPHALTE ROADWAYS. 

When new streets are opened, a roadway is im- 
provised with paving stones of the second or third 
class, laid on a bed of ordinary gravel 8 inches 
thick ; these are only replaced with a paving of the 
first class when all the arrangements of the subsoil, 
sewers, water and gas pipes are completed — m 
varietm — and that no disturbance of the earth is to 
be feared for a long time, "We shall have perhaps 
also to borrow some of this foresight 

At Paris, the exigencies of the new works or 
repairs oblige too often the authorities of the public 
highways to disturb the roadways, sometimes only 
finished the previous evening, to the great prejudice 
of the economy of the budget and of the solidity of 
the facing. This method of working is not only 
expensive, it necessitates the cutting out of the 
asphalte or the wood, and what is more serious even 
the concrete, and thus creates causes of depressions 
without number, the rubbish from these trenches 
not being able naturally to settle like the rest of 
the ground. 

It is greatly to be desired that at Paris, as at 
Berlin, the gas and water pipes could be laid 
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under Uie footways. The appearance of the roads 
woold be more satisfactory. 

Stone paving on concrete has little sympathy at 
Berlin. Its hardness and noiae are dreaded. 

The first serious essay of wood paving tried at 
Berlin dates from 1879. At this time, the road- 
way of one of the fine streets, near the Opera, was 
constmcted by the "Wood Company, the same which 
introduced the system to Paris, four years ago. 
This first specimen had to be taken up last summer, 
in order to replace it with compressed asphalts. 
Althongh laid under excellent conditions, on a very 
solid cement concrete, in a street with light traEBc, 
this paving was changed into a slough at the end of 
five years. The blocks of wood had rotted, and 
worn in a very unequal manner, to such a degree 
that, to evade the jolting, carriages had ceased to 
pass tbroQgh the street 

In the construction of this roadway, which has 
disappeared, Swedish pine was used. Different 
companies, coming afterwards, have tried other sub- 
stances ; Bohemian pine, injected with creosote, piteh 
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pine, yellow pine, cypresa, with or without injec- 
tion. That which remains of these latest essays, about 
48,000 square yards, is still too recent to be able to 
fiirnish conclusive results; however, it has been 
remarked that the pavements abundantly injected, 
the only ones that do not rot in the climate of 
Brandenburg, have not had a better fete than those 
which are not injected at all. Whilst th^e perish 
by the damp, the first, during the fine season, allow 
their creosote to escape, which forms on the surfece 
perfect puddles of tar. The heat of July is as 
violent at Berlin as the cold is severe ; daring the 
months of summer the town was infected ; the in- 
habitants could not bear the smell diffused by the 
creosote, and clamoured for the suppression of the 
unfortunate paving. Wrongfully, certainly; be- 
cause, besides that this excess of creosote thrown off 
by the paving was a guarantee of perfect impreg- 
nation, and consequently of durability; its anti- 
septic virtues should have caused it to find grace in 
the presence of a densely crowded population, for 
whom the dangers of an epidemic are infinitely 
more formidable than the odour more or less dis- 
agreeable but purifying of the creosote. In short, 
for various reasons, the 48,000 square yards of wood 
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which remain at Berlin are looked upon with an an- 
fevourable eye by the public and by its engineers ; 
the disappearance of this system of paving appears 
to be little more than a question of time. 

Asphalts has been more fortunate. It must 
be said that it has shown itself up to the present 
time to be irrepn^iohable (December 1884), and 
that the annoyances which it has, although inno- 
cently, caused the Parisian public, have been avoided 
here, thanks to the initiative of the engineers of the 
Berlin public ways, who, not being like those of 
Paris, impeded by the law of the lowest tender at 
any risk, have been able to choose of their own 
free-will contractors and materials. Compressed 
asphalte is definitely acclimatised at Berlin, which 
contains to-day a surface larger than that exe- 
cuted at Paris during twenty-five years, and, in 
consequence of the foresight of the municipality, 
it is destined to cover, sooner or later, all the 
fashionable streets of the German capital. 

Naturally the engineers and contractors of Berlin, 
and also the English engineers, in introducing into 
their own cities a roadway sysiem which was in- 
c 2 
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vented, studied and experimented on in France, 
have borrowed from us onr ideas, our processes, onr 
practice, our tools, our workmen, all the special 
technicality laboriously created by us during a 
quarter of a century. A legitimate borrowir^, how- 
ever, and of which we ought not to complain : for 
whilst, for the reasons explained above, we left in 
jeopardy this valuable element in the embellishment 
and sanitation of towns, the Germans, profiting by 
our studies and devoting themselves to the avoid- 
ance of onr faults, have arrived at results which 
have saved the honour of asphalte, compromised 
in our hands by the most sad mismanagement. 
The 384,000 sqiMire yards of compressed asphalte 
which exists at this hour in Berlin and forms Qie 
nni^ens of a general transformatioa of the public 
roads, does not show a single one of those black and 
gaping boles which, in these latter times even, have 
disgraced the most beautiful streets of Paris. If 
some partial defects have shown themselves in cer- 
tain streets, they are due to local causes with which 
they will certainly disappear. The engineers there 
have their hands free ; they have the right, by 
their capacity and according to their conscience, of 
choosing the best body of contractors and the best 
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materials, withont troubling themselves about the 
often lallacioas advantages of excessive cheapness. 
They therefore know what they are doing, and assume 
entire responsibility. They are not obliged, as ours 
have been recently, to allow to be introduced into 
the street, against their will, materials of bad 
quality, and to see the municipal cashier afterwards 
pay for, this strict observance of an absurd law, an 
amount which I would rather not state. 

There are employed on the roadways of Berlin, 
asphaltes Irom four different sources : 

Val de Travers. 



Ragusa (Sicily). 
Limmer (Hanover). 

It will be understood that I do not adjudicate 
any more on the respective merits of each of these 
materials than on the relative ability of the con- 
tractors who apply them. First, because I do not 
intend to mix the appreciation of people and com- 
mercial competitions with this entirely technical 
study ; next, becaose the materials employed have 
not yet given, at Berlin, the exact proportion of 
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their respective values. The asphalte of the Val 
de Travers, the first that was introdoced, and con- 
seqaently the most widely spread within the city, 
shows, during the extremely hot weather, a pro- 
pensity which it manifested at Paris before they 
conceived the idea of mixing it with the Seyssel 
asphalte, of becoming soft under the wheels of 
Tehicles and forming as it were waves, which the 
return of the cool weather causes promptly to dis- 
appear. At Berlin, where this mixture has not 
taken place, the waves are produced each summer 
with a certain perstetence, but as they have not 
caused any appreciable damage to the roadways, 
the public and the engineers have thought little 
of them. 

The Bagusa asphalte presents the same incon- 
veniences ; I have not heard that they have been 
less inoffensive. 

As for the Seyssel asphalte, its small percentage 
of bitumen completely preserves it. More diflficalt 
to work than the other two because of its relative 
poorness, this difficulty at the same time requires 
that the greatest care should be brought to its 
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spplicatdoD, and, especially to ita heating, the very 
greatest regularity. But, laid under these condi- 
tions, it gives a roadway of a hardness much 
greater than that of the others, and consequently 
exempt from those waves and soft places, certainly 
more unpleasant to the eye than really injurious, 
which are produced with asphaltes too rich in 
bitamen. 

It most be acknowle^ed that this success of the 
compressed aspbalte at Berlin has been powerfully 
assisted by the extreme strictness with which the 
preparation and the laying of the coocrete are 
carried on and inspected. This concrete from 
8 in. to 8^ in. in thickness, constitutes an inde- 
structible foundation. I have seen a layer cat up in 
order to construct a tramway, it might have been 
called a monolith of granite. In order to make 
it, a proportion of 312 lbs. of Portland cement 
is employed of the best brand, to one cubic yard 
of that which the Crermans, using an flngll^ 
phrase, call " ballast," that is to say a mixture of 
pebbles and rather fine sand, obtained from the 
hills, the ancient downs, which surround Berlin. 
The aspbalte is only laid on perfectly set and 
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thoroughly dry concrete ; thus preveuting the pro- 
daction of steam, caused by spreading the asphalte 
powder heat«d to 248 to 266 degrees Fahrenheit on 
a damp surface; steam which, in escaping, cuts 
through the asphalte cruat, destroying its homo- 
geneity. A great part of the deteriorations, it is 
proved without doubt, at Paris, from the time of 
the first application of compressed asphalte, was 
caused by the disregard of this absolute rule 
which the Germans observe with the greatest care. 
The householders on both sides of the street show, 
moreover, the necessary patience ; they like better 
to suffer a fortnight or more of block in theirstreet, 
and to be assured that the roadway before their 
houses will never have to be repaired. 

To sum up, the vast experiment made at Berlin, 
with compressed asphalte, has succeeded beyond the 
expectations of its originators and its users them- 
selves. It required from the German engineers 
sti'ong faith, and a thorough knowledge of the 
reasons of the recent failure of asphalte in Paris, to 
give to this experiment the importance which it has 
developed. They had, it is true, the reassuring 
example of similar works executed in London 
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under identical conditioos with similar resolts. 
Their spirit is none the less praiseworthy. 

This donble and categorical demonstration proves 
twice over that the ill-luck of the asphalte in Paris 
arose from caases absolutely independent of tlie 
system itself. At the point where we now are, and 
as I showed in the first part of this work, it is im- 
portant to know for certain if asphalte be or not a 
resource on which the Parisian public highways 
committee can now count, or, on that day when 
stone paving having fiuled and wood pavii^ be- 
coming insufficient, it will find itself ,nm short. 
For whoever has seen and studied closely the road- 
ways of London and Berlin, no reply is necessary. 

Forthermore, the works which have been executed 
in Paris for nearly two years with the view of 
restoring to a good workiug state the asphalte roads 
compromised by the annoying circumstances that 
I have related^ have also, already, brought their 
contingent of proofs. 

The roadway of the Rue de Eichelieu, for 
example, reconstructed eighteen months since, 
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according to right priDciples, and sabjected as 
every one knows to a terrible traffic, has not required 
the slightest repairs. Several other roadways 
relaid more recently (Rue St. Honore, Rue Richer, 
&c.) have furnished similar results, and there is do 
occasion to think that this state of things will not 
last, for it is an invariable experience that if an 
asphalte roadway is to break up before its natural 
life, it is always in the first six months that it 
commences to deteriorate. 



. From the foregoing, we may, I think, be autho- 
rised to draw the following conclusion — that asphalte 
and wood can and ought to exist in Paris in har- 
mony, without encroaching on one another's domain. 
It is a mistake for certain commercial interests 
not founded on a proper basis to excite rivalry 
iKtween themselves. It is neither sensible nor 
advantageous to any one. The two systems of 
paving have, as I said just now, a quality in 
common, that of oQering to the rolling of the 
vehicles a smooth and relatively elastic sor- 
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face ; but their inhereot properties are perfectly 
defined and differently utUisable. The one and the 
other have their marked position in distinct portions 
of the public roads, and it would be an economical 
error not to employ them. 

I do not intend here to strike a balance of their 
respectiye merits ; but without detracting from one 
or the other, it may be said that, if the wood is 
an embarrassment for public hygiene, asphalte is an 
auxiliary thereto. It is on this special and prin- 
cipal point that I wish to insist. 

Wood, I repeat it, appears to be suitable to 
lai^ areas of traffic, such as the avenue of the 
Champs Elysees, that of the Opera, the great 
Boulevards where the atmosphere, circulating in 
abundance, drives away miaspiata, and rapidly dries 
up the surfece soU. There, the special disadvan- 
tages of the wood are diminished, and are certainly 
balanced by its advant^^es. If the important 
experiment which is now being made in Paris 
succeeds as it is to be wished, that is to say if the 
wood paving remains after a certain number of 
years' use in the state in which we see it to-day, 
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we ought without doabt to consider it aa a fortunate 
innovation. • 

Bat, on the distiact condition that it will not go 
beyond there, and will not attempt to penetrate 
into the narrow and alraoat deprived of snnlight 
streets, in those, above all, whose situation as 
regards the cardinal points of the compass is such 
that it screens them from the action of prevailing 
winds. Those streets which are still famished with 
the old sandstone setts, are now accumulators of 
moisture and of unwholesome smells which in a city 
where the popnlation is as crowded and as dense as 
in Paris, cannot have other than a deplorable influ- 
ence on the public health. It would be certainly 
another dat^^r if they introduce there as a coating 
for the roadways this immense sponge which is 
called wood paving. 

The imprudence would be so much the more 
serious that Paris has never had more want of 
the little pure air which it breathes. Whilst the 
haman mass accumulated on this small gec^ra- 
phical point was increasing in enormous proportions, 
there was a suppressing everywhere of private 
gardens, those laboratories for the puriQcation of 
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the atmosphere, in order to substitute houses let off 
in flats for them. This last half ceutury has seen 
disappear little by little this revivifying verdure, 
and new sources of putrefaction have taken their 
place. The municipality has, it is true, done its 
best to multiply public gardens; a Eoard of 
public gardens and promeuades managed with 
great ability endeavours to procure for the breathing 
of Paris the oxygen that the suppression of the 
private gardens had so deplorably diminished ; but 
all this ability, all these efforts will be in vain if 
the poison chased with so much trouble from the 
atmosphere, by the opening of streets, by shaded 
squares, by a saperabundance of watering, is allowed 
to secrete itself in the surface soil. To introduce 
into the half-dark streets this new condenser 
of miasma would be to open wide th,e door to 
those epidemics which it has cost so much pains 
to banish by so many and so costly sanitary 



This is not merely a matter of speculation ; the 
foreign cities which have preceded us in the 
employment of wood paving on a large scale have 
given us indications on this subject that we should 



izecDy Google 



30 ON ASPHALTB R0ADWAT8. 

take care not to neglect The experiences of 
Washington, Philadelphia, Chict^o, those of London, 
and finally of Berlin, are there for onr edification. 
At the same time, the censore that I pass on wood 
paving is not without restriction. I recognise its 
grand qualities ; if it resists in a proper manner the 
Parisian traffic, if it is employed with pmdence, 
under conditions harmless to the public health, it 
will have no advocate more convinced than I. The 
Berliners were wrong, in my opinion, not to tolerate- 
it in their principal avenue, Unter den Linden ; if the 
humidity of their climate is opposed to that whidi 
they employed there, the unimpregnated pine, it is 
a pity that they had not at least patiently borne 
the odour from the paving thoroughly impregnated 
with creosote. I commend them, on the other hand, 
for having excluded the wood ftwm the small adja- 
cent streets, where it had been a permanent focus 
for infecting the air. Between the system vhich 
absolutely proscribes wood paving and that which 
consists in laying it everywhere, there is a middle 
course, which is to choose with discernment the 
points where it can be placed without danger, 
and not to go beyond ; this is the position that 
ought to be taken in Paris. 
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A German engineer, who has (xeated with com- 
petence these questiona of paving — Profesaor 
Dietrich, sent by his Government to all the capitahi 
of Europe and North America in order to study the 
subject on the spot, has published quite recently a 
report which explains the antipathy of his com- 
patriots for wood paving. He has collected the 
mistakes experienced in the large cities of the 
United States, and has exposed them with a 
certain raalicioas pleasure. He made a list fit to 
frighten the municipalities which did not know in 
what a summary tashion the Americans work. 
When he showed the paving of Chicago, trans^ 
formed at the end of three or four years into an 
immense slough, he evidently did not seek to en- 
courage his fellow-citizens in the adoption of a pro- 
cess which could give such results. This estimate 
by a savant considered in his country as an autho- 
rity in the matter, is without doubt the cause of 
the bad reputation acquired by the wood paving in 
Berlin ; very probably, the fear that this eminently 
water-absorbing substance had a disagreeable in- 
fluence on the public health has impelled M. 
Dietrich to exaggerate ihe misdeeds of wood paving. 
Americans do not bring to the execution of their 
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works the minute care and extreme attention that 
Germans give to theirs; if their wooden road- 
ways, have 80 promptly rotted and deteriorated, 
it is probably because the substances employed by 
them were badly chosen, insufficiently impregnated, 
that the laying was defective, that their concrete 
was too thin, and that it was made with cement 
of a bad quality; it ia thus that this concrete, 
being only able to offer a feeble protection against 
the dampness of the subsoil, the blocks of wood 
rotted simultaneously above and below. In no 
-matter what climate, such a work would have been 
condemned in advance to rapid destruction. 

In Paris, on the contrary, the laying of the wood 
paving has been done with ability and extreme pre- 
caution. It has been given sach a solid foundation 
of cement concrete that the asphalte layers have 
envied it, and so have finished, moreover, by 
obtaining the same foundation as it ; asphalte has 
at least gained that much from the importation of 
wood paving. It may be stated that the wood paving 
of the Boulevard Poissonni^re, of the Champs 
Elyse'es, and the Avenue de I'Ope'ra has been 
executed with an unusual perfection. Therefore, if 
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it shoald succeed anywhere it will certainly be ia 
Paria. 

Will it succeed there? That is the secret of to- 
morrow. Under the reservations that I have 
pointed out, it ia to be desired; two systems of 
laxorious paving at Paris are not too many, but 
T insist on this capital point, wood should be 
absolutely banished from the narrow streets, which 
all belong to asphalte. Until another more efBca- 
cions process be discovered, the compressed asphalte 
will remain the hygienic roadway ^ar excellence; 
with all the qualities which it aspires to show, 
wood paving cannot, on this point, enter into com- 
petition with it. It will saBBce to see, after luin, 
the appearance of the one and the other; where 
they are juxtaposed, the contrast is curious to 
note. At the end of half an hour of fine weather, 
asphalte is completely dry, whilst wood remains 
soaked with the water which serves as a Tehicle for 
imbibing the dirt of the street, the horses' urine, and 
all the impurities of traffic ; these matters penetrate 
into the fibres, prodnchig there a kind of fermentation, 
and, when the sun comes next, by evaporation, to 
restore them to the atmosphere, they reappear in 
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the Btate oS nauseous miasma, admirably adapted 
to create epidemics. It is above all when the 
fibres of the wood have taken, throngh weariog 
out, the particular fonn which makes them 
resemble an old tootii-brnBh, that this propensity 
to altfiorb and to exhale nnwholesome liquids 
manifests itself with the greatest energy. New 
wood paving lends itself less easily thereto. 

I do not attach to this disadvantage a greater 
importance than it merits. It only reveals itself 
in a mild manner on sur&ces well exposed to the 
fur ; but SQpp(»e they had paved with wood the Rue 
de Eichelien or the Rae Nenve-des-Petits-Champe, 
tiie next cholera epidemic would certainly not have 
foond a more powerful fellow-labourer. 

It would then be puerile to seek to make of 
wood and asphalte two adversaries ready to 
struggle for the acquisition of the paving of Paris. 
Both, I repeat it once more, have some qualities in 
common, noiselessness, the freedom from jolting, 
and cleanness ; both have their pecnliar iaults ; 
perfection in roadways, like other things, is not 
of this world. But^ if any one wishes to judge im- 
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partially, they BhooM recognise with me two thinga ; 
Qie first is that, despite the bad usage daring late 
yeara, compressed asphalts has, behind it, at Paris 
a past of twenty-five years, at London of fifteen 
years, at Berlin of ten jeaxa, and that each time it 
has not been badly laid by its workmen it has 
ererjrwhere succeeded ; the second is that it is for 
the public hygiene, by its hydrofugic properties, 
and its absolute impermeability, an indispnta,ble 
and precious auxiliary. Whatever sympathy is 
professed for wood paving, and to the extent that 
I have pointed out it has mine entirely, it is im- 
possible to accord to it in an equal degree the two 
merits of which I have spoken. Let it seek to 
limit its Ambitions ; its career will then be surer 
and longer. It will be better for it to be coo- 
tented with the part, already perhaps excessive, 
which has been made for it in the Parisian public 
ways, than to run the risk of seeing itself, at the 
end of some deadly epidemic, the victim of a scare 
such as sometimes happens unexpectedly to deci- 
mated populations. 

I have been persuaded, as the oldest perhaps and 
certainly one of the most assiduous amongst the 
D 2 
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specialists of asphalte, to present to the Society 
these observations, to which peculiar circnmstances 
of mnnicipal interest lend at this moment a really 
serions character. It has seemed to me that an 
incident like that which has daring five years given 
Qp the maintenance of the asphalte roadways of 
Paris to unskilfnlness and defective workmanship, 
cannot prevail against the qualities, pnblicly 
established without doubt all over Europe, of a 
system which could become, any day, for the 
Parisian public roadways such a valuable resource, 
and whidi, however, has nearly fallen a victim to a 
refusal of justice. I have thought that it did not 
become mo to plead its canse, that is its affair to 
defend itself by its results, but to establish its true 
position. Kindly forgive me, for the sake of the 
intention, for going to seek, for my opening out 
of the question, some arguments even from Berlin. 



M. Dallot wished to put a question to M. Malo, 
as regards the employment of asphalte on the 
sloping parts of roadways. 

M. Malo had just acknowledged himself that in 
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Tetnrn for its advantagea, aspbalte had one incoa- 
venience, the tendency to slipperiness when its 
snr&ice ia damp. This inconvenience which id 
trifling and eudarable, after an already long expe- 
rience, for a nearly level roadway, appears to 
become serious if it concerns a road on which heavy 
vehicles circulate and on which the loagitudinal 
plan is very irregular. What is the solution to 
adopt in such a case ? 

M. L^n Malo said that the effect of the slipperi- 
ness accentuated itself more in the inclined parts ; 
he is of the opinion that, beyoud a certain incline, 
it is inconvenient to employ asphalte. Each system 
has its advantages and its inconveniences, and the 
inconvenience of the slipperiness, in the case of the 
employment of asphalte, is, he acknowledged it, as 
much greater as the gradient is steeper \ but only 
during a very small number of days in the year. 
Besides, a sluicing ever so little attended to will 
abolish at once and in an absolute manner the 
inconvenience of the slipperiuess. 

M. Dallot asked what limit of slope it was 
possible to allow. 
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M. L^Q Ualo said that with an ordinary sluicing 
he would not hesitate, for example, to employ 
asphalts on the Boulevard Foissonniere, bnt he 
would not go further, and he would not recommend 
it for a steeper incline. Moreover, the horse slips, 
this is evident ; bnt if it fell on the asphalte, it 
wonld be hart less than on paving stones. Tlutt 
which is most dangerous, in point of slope, is the 
convexity of the roadway. At first, when tiiey 
made asphalte roadways, the engineers, probably 
from an sesthetic point of view, wished to give to 
the asphalte the same camber as to the paving 
stones ; it was some years before this convexity 
was aappressed, and that only just that transverse 
incline was given that was necessary for the 
flowing away of water. When there ia too great 
convexity, the horse slips a great deal because it 
recedes from him. The lateral slipping is very 
dangerous for the horse. Since the convexity has 
been suppressed, this inconvenience has nearly 



M. Dallot inquired if, on an incline like that of 
the Boulevard Poissonni^re, which starts from the 
crossway Montmartre, the stortings are not diflScult 
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for the heavy omnibnses which circulate on tiiis 
roate when the roadway is damp. 

M, L^n Malo replied yes, when it is damp with 
greasy mad ; not, if it is damp in conaeqnence of a 
washing or of a fresh rain. It happens on perhaps 
fiileen or twenty days in the year that a small fine 
rain falls^ and forms a kind of alime on the roadway ; 
if washing does not follow, elippings are to be 
feared ; but each time that the roadway is dry 
or well washed there is no slipping there, 

M. P^sse asked what is the price of a pavement 
such as that which is presented to us, which appears 
very remarkable, very hard and very resisting, with 
a bed of cement concrete, for M. Malo had said that 
the cement concrete was imperative. 

M. L^n Malo replied that that depends on the 
thickness of the concrete ; at present, in Paris, the 
beds of concrete were made 6 in. to 7 in. thick. 

M. Perisse asked if, definitely, this paving is more 
or less dear than wood paving. 
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M. Leon Male replied that it is oertainlj less 
dear. 

M. Seyrig said that there is a question, at this 
moment, of a new paving tried at Berlin, and which, 
if he is well informed, would consist of bricks or 
ceramic material impregnated with aspfaalte. He 
had no information on this point, and asked M. Malo 
if he conld give ns some remarks on this new method 
of paving. 

M. Leon Malo believed it was a simple de- 
ception. This is the system. AH kinds of porous 
matter can be impregnated with asphalte. The 
inventor of this system (which, moreover, has never 
been applied at Berlin, save perhaps during a few 
days) believed that in introducing bitumen into the 
brick, he would give to that brick the properties of 
asphalte, and would commnnicate to it a sort of 
elasticity. That which gives the elasticity to 
the asphalte is the agglomeration of its grains 
of limestone stuck together by the bitumen. The 
inventor in question thought that he would obtain 
this elasticity by simply introducing some bitumen 
into the brick. This was a gross mistake. If 
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bitumea is introdaced into a bric^ as into plaster, 
their molecular constitution is in no way changed ; 
if the bitnmen is taken away, the brick and 
the plaster will resume the same condition as 
formerly ; whilst if the bitumen be removed from 
the asphalte, this M\a into powder. The bitnmen 
whidi, by its presence, gives elasticity to the 
asphalte, does not give and cannot give any to the 
brick. M. Malo repeated that, according to him, 
the system spoken of had not been applied at Berlin, 
or if it had been tried, it had been immediately 



M. Lebmn wished to ask M. Malo if he could, 
in the account rendered, give an idea of the price ; 
it would be a usefiil completion of his communica- 
tion of to-day. It would be interesting to liave 
the pric^ of the system at Paris or at Berlin, 
according to the thickness of the roadway. 

M. Dallot asked if a thickness of 6 in. of con- 
crete is not too weak for a heavy traffic. 

M. JJsoa Malo replied that in the busy streets it 
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is insufficient At Berlin they always pat a thick- 
ness of 8 in. to 8^ in. 

The President thonght that if M. Malo wonld be 
80 obliging as to add to his communication a small 
table indicating the prices at Berlin and at liondon, 
he would render a service to the Society. 

M. Leon Malo would very willingly add this 
tnfonnation ; he had not made it to-day, in order not 
to introduce too many figures into his communi- 
cation. 

The President asked if there were not any more 
remarks. 

M. Koblot said that the slipping of l^e horses 
was much insisted upon ; he asked if they had not 
tried to groove the asphalte to form rectangular 
pavements, with the view of diminishing this in- 



M. L^n Malo replied that the grooving was 
only employed for the entries to coach-houses, 
and could not be made on liie roadwa}^, because it 
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is contrary to the very principle npon which the 
system is fouDded. It is, actaally, the vehicles 
which effect the compression^ commenced at the 
moment of laying by the rammers and the rollers, 
and the grooves would have disappeared at the end 
of a fortnight. Care should be taken not to throw 
sand on the surface, because the sand will pene- 
trate to the interior and deteriorate the asphalte 
cmat. 

M. Male ought to make the remark that the 
compressed asphalte does not permit of the intro- 
duction of any foreign matter. It is, he repeated, 
a relatively elastic material that the circulation of 
the vehicles compressed without ceasing ; the older 
the asphalte is, the harder and more solid it is. 

The President thought that, in stables, the 
grooves would not be an inconvenience,- because 
there was not this compression that was just 
spoken of. 

M. Leon Malo replied that, in stables, com- 
pressed asphalte was not generally kid, but mastic 
asphalte like that of the footways, of which the 
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groores are moulded, and which better resists the 
horses* feet 

The President thanked M. Malo for his very in- 
teresting comman^cation, which it became him to 
make as one of the oldest and one of the most 
perseyering promoters of the employment of com- 
pressed asphalte ; he thanked him so mach the 
more as he had made the journey from Lyons ex- 
pressly to read his work to the Society. 



Meeting of the 6th March, 1885. 

The President called upon M. Molinos, who had 
some observations to present on the subject of the 
communication that M. Malo had made at the last 
sitting. 

M. Molinos said that he had read with great 
interest the communication of his friend M. Malo 
on asphalte paving, on the advantages th^ it pre- 
sented with respect to stone paving, and its com- 
parison with wood paving. 
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M. Molmo8 is almost completely at one with 
U. Malo on the whole of the views that he had 
presented to the Society ; he had aevertiieless some 
reservations to make on the subject of certain indi- 
cations relative to wood paving which M. i&aXo 
naturally coold not be as well acquainted with as 
the qaestion of asphaltes, on which his competence 
is without rival. 

M. Molinos thinks, like M, Malo, that stone 
paving is doomed to disappear from Paris. They 
had only redly, up to the present, considered in 
these questions one aspect of the problem — to insure 
as well as they could a roadway practicable for 
vehicles. But with our increasing exigencies in 
the matter of comfort, it is necessary henceforth to 
take into account another element, the harassing of 
the inhabitants by the insupportable noise produced 
by an increasing circulation on jarring roadways. 
In the narrow streets it is impossible to sit with 
the windows open, and this unpleasant and at the 
same time unhealthy state of existence it is neces- 
sary to endure during the whole of the fine season. 

M. Molinos is therefore convinced that the future 
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belongs to those roadway which will join to the 
adrantages of ease of trafBc, like asphalte and wood 
paving, that of snppressing the din for the house- 
holders OD both sides of the street. From this 
point of view it shotdd first be observed that it is 
wood paving which up to the present best solves 
the problem. Any one can be satisfied that in 
narrow streets with a large traffic, like the Bae de 
Richelieu, for example, the asphalte resounds under 
tiie horsed feet sufficiently to still incommode the 
inhabitants, and render painful. the abode in flats 
with the windows open. On the contrary, wood 
paving is absolutely noiseless. He would not then 
be able to agree to the division that M. Malo in- 
dicates of the narrow streets to asphalte, the lai^ 
roadways to wood paving. 

M. Malo said that wood paving appears to have 
been definitely condemned at Berlin. It is witii 
wood paving as with asphalte. M. Malo has with 
reason recalled the history of asphalte in latter 
years, of the disrepute into which this Systran of 
paving has fallen in consequence of bad execution, 
the sequel of an unlimited competition. The same 
facts are produced at Berlin, where the works have 
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been entrasted withont discernment to timber 
merchants withoat experience, who have executed 
them badly. We shall perhaps see in Paris, in a 
near fdtore, the wood paving suffer fiulnres, if they 
&U again into the same errors. The public has 
been able to appreciate — in comparing the deplorable 
results of the trial made on the Place dn The'^tre 
Franfais with those which have been obtained at 
the Boulevard Poisaonniere first, then on all the 
other roadways paved with wood in Paris — the 
enormous influence of a good or a bad system of 
wood paving; at London also there have been 
checks, but the Kerr system, the same which is at 
present employed at Paris, has entirely succeeded 
there, and is extending rapidly from day to 
day. 

Colonel Haywood, whose &vonmUe opinion of 
a^halte M. Malo has quoted, made, however, some 
reservations that M. Molinos himself heard him 
express. He admits that, for a trotting horse, 
asphalte is very inferior to wood paving; but 
Colonel Haywood is in charge of the public ways of 
the City. Now in the City the traflSc is so great, 
that the vehicles always go at a walking pace. 
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Colonel Haywood then made the remark that 
asphalte in the City does not present the inconve- 
niences with which it can be reproached in the 
streets where the horses are generally obliged to 
trot In the whole of the remainder of London 
where the public roads are under the direction of 
Sir Joseph Bazalgette, the exteasion of the wood 
paving is considerable and continnoos. 

M. Molinos arrived finally at an important 
question, that of cost price. M. Malo asserts that 
the wood paving is dearer than asphalte. This is 
an error. It is a fiwt demonstrated to-day by ex- 
perience, that for the most hardly worked roadway, 
for the Boalevards, for instance, the concrete foan- 
dation of 6 io. is absolntely safficieat with the 
feeing of wooden blocks of 6 in. Under these con- 
ditions the price of the wood paving may be valued 
at 15*, id. per square yard. Now, this is the 
price of the asphalte of the Rue de Richeliea, and 
this ought to be the 13^)6 of good asphalted road- 
ways. If it is taken into account that in the price of 
\^9. 4d. the customs duties are included for the 
wood at the rate of 6s. per cubic yard, or about 
\8. per square yard, it must be concluded that 
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far irom being dearer than asphalto, the wood 
paving is rather the better bargain. 

As to the maintenance, the price stipulated for 
the Boulevards is from 2s. per square yard per 
annum. But what would an aspbalte roadway cost 
submitted to a similar traffic. Experience will 
allow this to be ascertained later on. For roadways 
of ordinary traffic, the cost of the maintenance of 
the wood can evidently be considerably reduced. 

In summing up, M. Molinos thinks with M. Malo 
that the future of the paving of Paris is in the 
substitution for the hard and noisy stone paving, 
of roadways with a solid foundation, and an elastic 
surface such as asphalte and wood paving. 

The price of establishing the wood paving is 
rather lower than that of asphalte. 

M. Molinos believed that it was not yet possible 
to establish sure comparisons between the prices of 
maintenance. 

As to the comparative advantages of these two 
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systems from the poiot of view of the suppression 
of noise and of aorety for the horses* feet, everyone 
conld appreciate them. 

And, in conclnding, M. Molinos wonld say with 
M. Malo, that there is at Paris a vast field of 
application where the two systems onght to find 
their place. 



Meeting op the IOtb April, 1885. 

The following letter from M. Leon Malo was 
read. 



To the President of the Society of Civil Engineers. 

Ltobb, 2nd April, ISSS. 

Mr. I*re8idhnt, 

I have been able to read only to-day the 
observations presented at the sitting of the 6th 
March, by my excellent comrade and friend, 
M. Molinos, on my commnnication relating to the 
roadways of Berlin. 
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In these observations, made moreover in the 
tone of the most winning coartesy, M. Molinos 
noted some errors which, according to him, had 
crept into my work ; he has discussed some of my 
calculations and reotified divers facts which have 
seemed to him inexact I come in my tarn to beg 
that you will have the goodness to allow me to 
insist on the perfect exactitude of my assertions. 
The- crisis through which the Parisian public 
roadways appear to be passing at this moment, 
gives to this discussion an importance which does 
not allow of leaving the least part in uncertainty. 

Fot greater clearness, I- will follow step by step, 
correcting on the way, the emendations of M. 
Mtjinos. 

M. Molinos commences by declaring that the 
asphalte is more noisy than wood. I never 
pretended that it was less. I concede also with 
pleasure to M. Molinos, that tlie horse's hoof 
resounds more on asphalte than on wood, in cold 
weather; but the difTerence in the sound is so 
inconsiderable, in summer especially, when the 
asphalte always softens a little, that the people 
B 2 
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living close upon it who are prevented by the noise 
from keeping iheir windows opened appear to me to 
have exceptionally sensitive hearing. I imagine 
that the solicitade of M. Molinos for these delicate 
persons has made him take the exception for the 
rale. That which is intolerably nmsy on stone 
pitching is not the horse's foot, it is the rambling of 
the wheel, and this rambling, M. Molinos will sorely 
allow, is aa absent from asphalte as from wood. 
Besides, if the incomplete suppression of the noise of 
tiie vehides is a nuisance to the immediate neigh- 
bours, its absolute suppression is a danger to the 
passers-by. The clanging of the horse's hoof on the 
soil is necessary to ^ve waning of the approach 
of the vehicles, when the sound of the wheels 
cannot be heard. This is, I believe, the minimum 
of noiselesshess that allows of safety to the 
pedestrian. 

As to that which relates to the immunity attri- 
buted by him to wood paving against the spread of 
rottenness, I dare not share the hopes ofM. Molinos. 
Without speaking of any of tiie signally disastrous 
experiences in London, Washington, and in Berlin, 
where some of the wooden roadways have been 
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entirely taken up in order to be relaid with 
asphalte (I willingly acknowledge that these trans- 
formations have not at present been very numerous), 
I believe I am right in asserting that the pine 
wood employed for tbia paviug is always more or 
less moist and consequently more or less exposed to 
rottenness. I invite M. Molinos to visit after a 
storm, one of the crossways of Paris where wood is 
juxtaposed to asphalte ; for example, the Place du 
Theatre Fran<;ais, at the opening of the Rue de 
Bichelieu, where the two sur&ces are exactly the 
same age. He will there see, two hours after the 
rain, the asphalte completely dry, whilst the wood 
will remain wet for two or three days even. M. 
Molinos will then surely decide, with me, that the 
water which has not been able to penetrate the 
asphalte, an absolutely impermeable material, has 
thoroughly impregnated the pine wood, an emi- 
neutly spongy material, introducing therein elements,' 
more or less aetive, of decomposition. 

I hasten to add that, if I cite this iact, it is 
only to reply to the assertion of M. Molinos, and 
not in order to attack the system of wood paving, 
of which I have publicly acknowledged the great 
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merits and which I appreciate, not as the 
adversary bnt the ally of asphalte. 

However, the eventual rotting of the wood paving 
does not disquiet me from the point of view of the 
deteriorations which it must cause to the roadways ; 
these contingencies ought to be foreseen by the 
contractor ; it is a simple question of maintenance. 
What preoccapies me above all, and what I have 
particularly aimed at in my communication to the 
Society, u the danger of the indefinitely repeated 
absorption of the atmospheric or pluvial humidity 
by the fibres of the wood and the infinence of this 
absorption on public health. Also the permanent 
penetration of the impure liquids from the streets 
into this vast sponge, and afterwards their 
breaking out in the form of miasmata under the 
action of the sun. M. Molinos has not attacked 
this essential part of my criticism ; it is not, bow- 
ever, less important to discuss ; for there, in my 
opinion, is the weak point of wood paving. It 
is under the impression of this fear that I have 
expressed the desire to see wood paving, excellent 
(until a demonstration to the contrary) for high- 
ways thoroughly exposed to the air» to see it, I 
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say, rigorously excluded from the narrow streeta 
where the circulation of the air is insufficient. The 
analytical account rendered of the sitting of the 
20th February has not been able to reproduce in 
their Ihlness the observatioDs that I have made on 
this subject. When M. Molinos shall have read 
them in eMenao in the monthly Bulletin, I do not 
despair of inducing him to side with my opinion. 

M. Molinos discossed afterwards the exactitude 
of the speech attributed to Colonel Haywood (not 
by me, who never heard it, but by the chief engi- 
neer, M. Barabant, from whose pamphlet I have 
restricted myself to quote), on the superiority of 
compressed asphalte, as &r as the surface of the 
roadways of the city of London. 

Colonel Haywood admits, said M. Molinos, '* that 
for trotting horses, asphalte is very inferior to wood 
paving, and as in the City, he adds, the vehicles 
always go at a walk, the merits accorded to the 
asphalte by the celebrated English engineer would 
be singularly diminished.'* 

I have voluntarily declared in my communication 
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that dnriog the periods of fine raia &JliDg on the 
muddy dost of the roadway, that is to say during 
an average of fifteen or twenty days per annum, 
asphalte becomes slippery. Asph&lte is no more 
perfect thqu wood. But the remainder of the time 
when asphalte is dry or thoroughly washed, I do 
not believe that it is more slippery than wood. 
The reservations made by Colonel Haywood and 
pointed out by M. Molinos, refer without doubt to 
those periods of damp and drizzle more frequent 
besides at London than at Paris. 

As to the pace of the horses in the city of London, 
it appears that I haye not seen with the same eyes 
as M. Molinos ; unless supposing that the cab- 
drivers have wished to flatter me, by abandoning 
themselves to fancy feats, each time that I have 
visited the City, I am obliged to believe that, so 
far from going at a walk, the vehicles travel there 
in a fiishion to shame the Parisian omnibuses and 
cabs. M. Molinos has passed perhaps only in 
certain special streets, like Cheapside and Lombard 
Street, in which, at certain hours of the afternoon, 
the policemen are obliged to slacken the speed of 
the horses, and even to completely stop them, to 
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permit- pedestriaiB to cross the roadway withont 
danger. But Cheapside and Lombard Street are not 
all the City. There are other streets, also asphalted, 
wbero the vehicles move at a pace as rapid as asiy- 
where. A man of sense like M. Molinos is for- 
bidden to imitate the English obserrer who, 
disembarking at Calais and having encountered on 
the quay a red-haired woman, wrote in his note- 
book tiiat Edl the French women have red hair. 

It is, moreover, incontestable, as M. Molinos has 
said, that wood paving is extending considerably 
in the quarters surrounding the City; but it is 
just to add that these quarters, those at least which 
extend westward, are formed of large streets, 
straight, abundantly aired, bordered with low 
houses, toaversing numerous squares, placed in a 
word in the conditions which I have indicated as 
necessary in order that wood paving should be 
inoffensive to the public health. Yet, in some 
streets (Oxford Street, Hart Street, &c.) wood 
paving has been suppressed to give place to as- 
phalte. The local Boards of Works * have decided 



' M. Molinos makes » miHtake in attribnting to Sir Joseph 
Ea^otte the direction of the public roads of London outside 
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on this sabetitnticai priDcipally in the interest of the 
hygiene of their qoarters. 

Another mistake, which M. Molinoa makes and 
which I ought to rectify, not in order to fight 
against the system which he defends, bnt solely to 
show that I hare advanced nothing that is mcorrect, 
is this : " The wood paving works at Berlin have 
been confided without discernment to timber 
merchants without experience, who ha,VB executed 
them badly." 

The truth is that not one timber merchant has 



tHe Ci^. Sir Joseph B&zalgette is only diieotor of the Metro- 
politan Board of Works, vhioh solely ooonpiee itself with great 
works of general interest, snoh as the embankments of the 
Thames, tlie sewers, and the oponing-np of new streets. The 
qnostiMis of making new roadways as well as their mainteoanoe, 
oonoem exGluBiToly the engineers or snrreyore of the parishes, 
save in the esoeptional ease wh^e the piercing of a street 
traTOisee aereral parishes, which then oontrihnte each its pro- 
portion to the cost of the first establishment. Bnt, even in 
these circmnstanoes, the engineers of parishes are always con- 
salted on the nature of the materials to be employed. As for 
the rest, Sir Joseph Bazalgette has never done any paving in 
wood, bnt only paving in granite. 
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done any wood paving at Berlin. These works 
have been executed by four special cotnpanies : 

1. The Improved Wood Paving Company (the 
same, if I do not mistake, which has introduced the 
system into Paris) laid in 1879 the first experiment 
tried at Berlin (Swedish pine unimpr^nated) about 
1200 square yards. 

2. M. Quido Rutgers, of Vienna (Austria), a 
great wood-paving contractor, laid in 1881-1882, 
9600 square ywds of Bohemian pine. 

3. An English company for paving with impreg- 
nated wood (its name escapes me for the moment) 
laid in 1882, 3600 square yards. 

4. Finally, the Krafft Society, of Wolgast in 
Pomerania, great ship-builders and wood-pavement 
contractors, have laid 33,600 square metres of road- 
ways of American yellow pine, a very resinous and 
unimpregnated pine. 

In all 48,000 square yards, that is in course of 
being taken up at the present moment in order to 
replace it with asphalte. 
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Still once more, I do not intead to infer from this 
check any aif;ament against the system of wood 
paving. Wood, like asphalte, has its flatterers and 
its fanlts ; both have their experience to learn and 
their fiilse steps. I have wished only to remind, by 
this example, M. MoUnos that if asphalte does not 
pretend to absolute perfection, wood, even applied 
with all the care possible, onght not, any more than 
it, to claim infallibility. 

I have now arrived at the qnestion of price, and 
I am going, Mr. President, to take as a text the 
observations of M. Molinos in order to give you 
the information on this subject which you kindly, 
at the sitting of 20th February, asked me to lurnish 
to the Society. 

I said ia that sitting, in a general manner, that 
compressed asphalts was, from the first establishing 
and maintenance, not so dear as wood ; M. Molinos 
asserts that it is more. I am going to demonstrate 
to him, conclusively I believe, that he is wrong. 

It will be so much the more easy for me in that 
I have nothing else to do than to allow the figures 
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to speak for themselves ; figures drawn from an- 
theatic docnmenta, taken publicly ; from books of 
costs and price lists of the two enterprises chained 
with executing and maiQiaining, in Paris, the 
asphalte and the wood paving. 

I qnote then simply and literally these figures : 

For asphalte of 2 in. laid on cement con- 
crete of 6 in. (the thicknesses adopted 
by the city of Paris for streets of ordinary ,, 4. 
traffic) is paid, per square yard . . ..130 

The maintenauce of these surfeces, per 
square yard per annum (after twenty 
months' average free maintenance), costs to 
the city 14 

In the exceptionally busy streets like the 
Rues Eichelieu, Saint Honors, &c., for 
asphalte laid 2^ ia. thick on 8 in. of con- 
crete is paid, per yard saper 15 4 

The price of maintenance is the same as 
for the other streets, that is per yard • ..14 

* I recall Bolel; from memoi; that tbe prices of establiabing 
Mid maintensnoe are subjected to a diBOonnt of 2«. per cent, off 
fixed price. 
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The wood paving has been executed by mutual 
consent under the folloTii^ conditions : 

The paving with pine 6 in. in thickness, 
laid on cement concrete, costs, per yard ». d. 
super 15 4 

For its maintenanco is paid, with a free gua- 
rantee of six months, per square yard : 

•. d. 

For roadways with the heaviest traG5c . . 2 

For ttie others 1 9 

These prices are not diminished by any discount. 

To resume: 

The price of the first establishment of the wood 
paving is uniformly 155. id. per square yard; 
that is to say, the same as that paid for the excep- 
tionally busy asphalte roadways. 

It is 2^. 4d. more than that paid for the asphalte 
in the great majority of the streets of Paris. 

The price of maintenance of the asphalte, per 
square yard per annum, is Is. ^d., that is to say, 
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8rf. less per yard thaa the first category of wood 
paTiQg, and 5d. less than the second. 

The length of the fi-ee guarantee of wood paving 
is, on the average, six months, whilst the same 
guarantee for asphalte is twenty months ; that is to 
say, tiiat the annaal payment for the maintenance 
of the wood commences to rna six months after the 
construction of the roadways, whilst the asphalte is 
maintained during twenty months from the day it 
was laid, at the expense of the contractor. 

And it does not follow that the price of mainte- 
nance, mudi higher for wood, corresponds to a much 
greater traflSc on lie roadway ; for this traffic is 
proportioned not at all to the absolute number of 
vehicles, but to the number relative to the size of 
the street, also to the destructive action peculiar to 
these vehicles. There pass perhaps fewer carriages 
in a day through the Hue de Ricjielieu than oa the 
great Boulevards or in the Avenue des Champs 
Elysees; but more certainly pass in the first of 
these ways, per superficial yard, and certainly also 
the vehicles which pass there are heavier and more 
dangerous for the preservation of the roadway. 
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Finally, M. Molmos observed that the wood 
paid OQ its entry into Paris 6«- octroi daty per 
cabic yard, being aboat 1«. per square yard of 
roadway. 

I will reply to him Uiat his argument is of no 
valne ; for, within a few fiirthings, asphalte is sob- 
mitted to the same chaises. Actually, asf^ialte ia 
rock or powder pays 6«. 4d. duty per ton. If I 
make the same calculation as M. Molinos, and if I 
apportion the amoont of these daties to the square 
yard of roadway, I find, for the roadway of 2^ in. 

d 

Asphalte per square yard 7^ 

Cement for the concrete, 9s. 7rf. per ton ; 
or at the rate of 90 lbs. per square yard 
of concrete ^ . . . . 4J 

A total which is not so very distant from the 
Is. stated by M. Molinos. 

It is not then correct to say that compressed 
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asphalte costs more than wood paviDg, the authentic 
figures that I have just quoted absolutely demon- 
strate the contrary, and M. Molinos would be the 
first to recognise it, if he would kindly re-read the 
documents from which I bare takes my proofs. 

Such is, Mr. President, the reply, too minute 
perhaps, but still necessary, that I had to make to 
the observations presented by M. Molinos. The 
vast transformation which is at t^ moment being 
worked in the Parisian public roads fixes on it, I 
have been able to convince myself, the lively 
attention of foreign municipal administrations. The 
authority which attaches to the discussions of the 
Society of Civil Engineers does not permit that in 
the debate opened here on this most important 
subject, we should allow errors to be introduced and 
accredited. This is why I have allowed myself to 
reiute at such length those which I believed I 
discovered in the reply made to my communication 
by M. Molinos. 

M. Molinos is an engineer too eminent, he occupies 
in our profession a rank too elevated and too 
merited, for this refutation to be able to hurt him. 
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He will accept it, I am aure, with da much good 
grace as I have taken the good faith and frankness 
to make it He will not certainly foi^t, moreover, 
in this amicable and courteous contest, that the two 
adveisariea are, after all, the advocates of the same 
cause, — the cause of the roadway of the future 
against the superannuated roadway of the past. 

Kindly accept, Mr. President, the assurance of 
my most distinguished consideration. 
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VAL DE TEAVEES 

COMPRESSED ROCK, 

Am laid b7 tbim Oomponr in Obeapaide in the year 1870, and 
continiunuly aince tben in Hundreds of the moat important 

streeta in London and the Frovincea, 

la the pme natnral rock of the Tal de Travers, and forms the 

cheapeet, moat durable, and healthieat roadw&ys. 

VAL DE TBAVEBS GOIIFBESSED 
BOCE FOR FOOTWAYS, 

Ab laid in Oheapeide, Poultry, Moo^te Street, Graoeohoroh 

Street, Strand, &q., and moBt IjoaAoa pariaheB, and in many 

provinoial towns, is as durable as fl^ging, and &r more 

agreeable to pedeatriane. 



TAL OB TE&TZBB lUSTIO ABTRALTE 18 BFECflALLT ASAPTED FOB 

StebleB, Granuies, BrevhooBei, M»lt Floora, 

Booflnns Bailmy Platforms, BBsementa, Borne, 

Ooaob Hooaea, Cow Honses, Di;i[^ Bhida, Doohit 

AqD«dDat8, Warehoiu» Floors, Whatis, Aqiiaria, 

Slmting Bliiks, Tanks, Beserroirs, Laundries, Ao. 

eiai^nter Hooses, Lavafanies, 

It is FOLE-PBOOF (as proved by the Cllty Ba^eer), DAICF- 
FBOOF, and VXRHHT-FSOOF, and unafibcted by any Climate. 



MANUFACTURERS OF 

REFINED BITUMEN. 



HSDAIA AWAimED ;— YIEITVA, 1878 aad 1880 ; 

BATTBSEI^, 1876 ; PHTT.ADTST.FHTA, 1876 ; FABIS, 1878 ; 

BEKLIir, 1883 ; AMBTSSDAU, 1888; LOTTHOII, 1884. 



&U. tmOBMATlON SENT POST YBBB OH APPLKUTIOM TO THX 

Val de Trovers Aapfialte Paving Co. 

LIMITED, 

14 to 16, PAIIIEBSTON BniIJ)DI9S, OLD BEOAD ST., 
LONDON, E.G. 
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Box. With Wplatu. Third edition, crown 8vo, cloth, lar. id. 

A Descriptive Treatise on Mathematical Drawing 

Instrumenti: their construction, uses, qualities, selection, preservation, 
and suggestions for icoprovemenls, with hints upon Drawing and Colour- 
ing. ByW.F. Stanley, M.R.I. Fifth edition, iiv'/^«K»Mrv»j>/Au^aAi'M, 
crown 8vo, cloth, 51- 
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Spons' Architects' and Builders' Pocket-Book of Prices 

atid Mimoraitda, Edited by W, Young, Ardutect Roval 3amo, roan, 
4J. &/. ; or cloth, red edgei, y. 6d. FabUihed annuaify. Eleventh edition. 
■MtB ready. 

Long-Span Railway Bridges, comprising Investiga- 

tions of the Compua.tive Theoredcil md Fraclicftl Adrantiges of the 
various adopted or proposed Type Syslenu of Constraction, with namerou* 
Fonnnls and Tables giving me wdghl of Iron or Sted reqnired in 
Bridges from 300 feet la Che limiting Spans ; to wHcb are add^ similar 
Investigations and Tables relating to Short-span Railway Bridges. Second 
and revised edition. By B. Bakbk, Amoc. Inst C.E. PiaUt, crown Svo, 
doth, 5j. 

Elementary Theory and Calculation of Iron Bridges 

and Roofi, By AUGUST RiTTiK, Fh.D,, Professor at the FolyteiSnie 
School at Aii-la-Chapelle. Translated from the third German edition^ 
by H. R. Sankxy, Capt R.E. With 500 Ubutratunu, 8to, doth, 15/. 

The Builder's Clerk : a Guide to the Mani^ement 

of a Builder's Business. By Thoius Bai.es, Fcap. Svo, doth, U. 64, 

The Elementary Principles of Carpentry. By 

Thomas Tsidoold. Revised from the original edition, and partfy 
re-written, by John Thouas Hurst. Contained in 517 pages oflelter- 
press, and illustrated viitk 48 plata aad 150 weod engravingi. Thinl 
edition, crown Svo, doth, iSi. 
Section I. Ob die Equality and Dinribution of Fotca — Section II. RediUncc at 
Tinlia— Sfclion III. ConitiuctiaD at Fhwn— Section IV. ConsDucdDn ef Roofi— Sec- 
tion V. ConslrucdoD of Domes and Cupolas— Secdoa VI. ConstrucHoa of Panitioo^- 
Section VII. Scaflalds, Suging, and Ganlriei— Section VIII. ConBtntctwn of Cenlrei fsi 
Bridsrs— Sectios IX. Cofia-daiu, ShoiiiiE. imd SmittiDg— SectionlX. Wooden Bridsei 
wd VUducto— Section XI. Jointi, Straps, asd othet FaSeuac*— Saclioa XII. Tunbet. 



Our Factories, Workshops, and Warehouses: their 

Sanitary and Fire-Resisting Arrangements. By B. H. Thwaitx, Auoc 
Mem. Inst. C.E. With J83 wood atgraviiigt, crown Svo, doth, ^, 



Gold: Its Occurrence and Extraction, embracing the 

Get^raphical and Geological Distribution and the Mineralogical Charac- 
ters of Gold-bearing rodis ; the peculiar features and modes of working 
Shallow Placers, Rivera, and Deep Leads ; Hydraulidng ; the Reduction 
and Separation of Auriferous Quartz ; the treatment of cocaplei Auriferous 
ores containing other metals ; a Bibliography of the subject and a Glossary 
of Technical and Foreign Terms. By Alfred G. Lock, F.R.G.S. IVitA 
numereus illuilralhtts and maps, 1250 pp., super-royal Svo, cloth, 
zl. itt. 6d. 



izecoy Google 



4 CATALOGUE OF SCIENTIFIC BOOKS 

A Practical Treatise on Coal Mining. By George 

G.ANDR£,F.G.S.,Assoc.IitiLC.E., Member of the Sodet; of Engineen. 
Wi(h 82 lifkegraphU plaUi. a Tols., royal 410, cloth, 3^^ I3>. 

Iron. Roofs: Examples of Design, Description. Illus- 

traHdwHh 64 IVerkhiF Dr<vmingi of Extevtid Raafi. Bjr ArtHOR T. 
Walkislby, A39oe.Mein.Ii»t.C.E. Imp. 410, half-morocco, £3 l«.6rf. 

A History of Electric Telegraphy, to the Year 1837. 

Chieflj compiled from Original Sources, and hitherto Unpublished Docu- 
ments, by J. J. Fahie, hfem. Soc of Tel. Engineers, and of the Inter- 
-natioiiil Society of Electrid&ns, Paris, Cronn Svo, cloth, 9/. 

Spans' Information for Colonial Engineers. Edited 

hy ]. T. Hurst. Dem; Svo, sewed. 

No. I, Ceylon. By ABKAHAK DiANI, CE. 3i. 6<^ 
Contents ; 

Introductorj Remuki— NHtunl Productkma— ArdiJK«tun and ^Ji^fipwtiDg^Topo* 
EZaphf , Trade, Bad Natural Hl*tory— Prindpiil Statloas — Weights and HeaAUts, etc-, etc. 

No. 2, Southem Africa, indoding the Cape Colony, Natal, and the 
Dutch Repablics. By IIrnry Hall, F.R.G.S., F.R.C.L With 
Map. 31. 6d. 

CONTINTS : 
OcBcral DeioriiitiOD of South Afrio— Phyikal GeognpliT ^^ nIeiiMce la Eii|in**riBC 
Operatioiu— Hotel ea Labour and Material b Ciq>e ColoDT—GeoIogical Notet on Roi* 
FoniiHtioA in South Afrkar-Enriaeflrlng InstnivanK for Uae ia South Afiica— Priadpftl 
Public Woilu is C^R CoIout: K^IwaTi, UauntaiB Roada and Pane*. Hmbeur WoAi, 
Bridna, Gas Woriu, IinsalloB and Water Suinly, Llclitbouie^ Diamasa and Sanitary 
Ensmeerli^ Public 8ml&tt, Hinea— Tabh of Wiuds fa Saulb A&jca— Aidmak lued fH 
Drau^t Purpoaes— Stailatleal Notaa— TaUa of IMaiaDca— Rates of Catiriage, etc 

No. 3. India. By F.C.Danvers, Assoc InatC.E. WithMap, 4«.M. 
Contents : 

PhTsical Geography of India — Building Halerial^Raad^^RaJlwayr— Bridget— Irtiga- 
tion— Rl>er WoHu— Harboun— Lightbausc Biddings— Native Laboui—Tbo Principal 
Trees of India— Monei — WelghD aodMeuurea — Obesary of Indian Terms, etc 

A Practical Treatise on Casting and Founding, 

including descriptions of the modem machineiy employed in the ait By 
N. E. Sfretson, Engineer. Third editioD, witb 33 platet dnwn to 
scale, 413 pp., demy Svo, doth, l&t. 

Steam Heating for Buildings; or, Hints to Steam 

Fitters, bdng a description of Steam Heating Apparatus for Wamung 
and Ventilating Private Houses and Large Buildup with retnarks on 
Steam, Water, and Air in their relation to Healing. %y W. J. Baldwin. 
WUk many illuttratiera. Fourth edition, crown 8vo, doth, \os. 6J. 
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The, Depredation of Factories and their Valuation. 

By EwiNG Matheson, M. InsL C.E. 8vo, cloth, &f. 

A Handbook of Electrical Testing. By H. R. Kempe, 

M.S.T.E. Tliird edidon, remaed and enUrged, crown 8vo, dofli, i Jr. 

Gas Works : their Arrangement, Construction, Plant, 

and Machiaery. By F. COLYER, M. IniL C.E. H^A y. fgliiitg plaia, 
Svo, cloth, s^r. 

The Clerk of Works: a Vade-Mecum for all engaged 

in the Saperintendence of Building Operations. ^ G. G. HosKlHS, 
F.R.LB.A. Third edition, fcap. Svo, doth, u. (td. 

American Foundry Practice: Treating of Loam, 

Dry Sand, and Green Sand Monlding, and containing a Practical Treatise 
upon the Man«;ement of Cupolas, and the Melting of Iron. By T. D. 
~ WEST, Piaclicaf Iron Moiilder and Foundry Foreman. ' Second editiori, 
with mtmerout Uhistrations, crown 8vo, dofli, lot. fid. 

The Maintenance of Macadamised Roads. By T. 



Hydraulic Steam and Hand Power Lifting and 

Pressing Mackinery. By Fhederick Colybr, M. InsL C.E., M, Inst M.E. 
WUh i-^plalis, Svo, doth, i&. 

Pumps and Pumping Machinery. By F. Colyer, 

M.LC.E., MXM.E. Hltk z^feldiHg platis, Svo, doth, \ii. 6d. 

The Municipal and Sanitary Engineet^s Handbook. 

By H. Percy BotiLNots, Mem. Inst. C.E., Borough Engineer, Ports- 
mouth. Wiik mtmtroiu iUiufratians, demy Svo, doth, I2J. 6d. 
Contents : 

Tbt AppoiDIment and Duda or the Town Siuveror— Traffie— MaodunisHl Roadirays — 
Sleani Rolling— RoiLd Metal and Breaking— Pitclied PavemenB— Asphalte— Wood PavemenB 
— FooRiaths—Kerbs and Gulten— Street Nambg and Xutnbciine— Street Ughtlng— Sewcr- 
Ke— VentilalioD of Seweis— Dbpossl of Sewage— Home Draioage— Disinfeclioo— Gas and 
Waier Companiei, ftc. Breaking up Streets— Improyement of Private Streets— Borrowing 
Powen— Anlaiu' and Laboums' I>weUuij>— Public Coaveiileiices— Scsvenguig, iacIudiDg 
Street Qaannng — Waceriag and tba Removing of Snow— Flantinij Street Trees — Deposit oT 
Plans— Dsngenim Bulldiim— Honrdinga— Obstnictiniis— ImprovmE Slitet Lines— Cellar 
Openlnp— PiibUc Pleasure Grouiidt— Cemeteries— Mortuaties-Cattlc and Ordinary Markets 
—Public Slaugliter-liouKS, etc^-Giiing numerous Forms of Notices, Specirications, and 
General Information upon these and other- subjects of great Imparlance to Hunidpal Engi- 
neers and others engaged in Sanitary Work. 
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Tables of the Principal Speeds occurring in Mechanical 

E^gimtring, expressed in metres in ft second. By P. Keekavepf, Chief 

Mecbuiic of the OboncholT Steel Works, St Petersburg; translated by 
SzRGics Kerk, M.E. Fcap. Svo, tewed, 6>/. 

A TVeaHse on the Origin, Progress, Prevention, and 

Cttrt of Dry Roi in Timhtri with Remariis on the Means of Preserring 
Wood from Destmction by Sea-Woims, Beetles, Antt, etc B; Thomas 
Allbh Britton, late Surveyor to the Metropolitan Bo&rd of Works, 
etc., etc With lo plaUi, crown 8ro, doth, •]». 6d. 

Metrical Tables. By G. L. Molesworth, M.I.CE. 

33mo, cloth, u. 6d. 

CoNTKHTt. 

Cubic Heuum-HottE 



Elements of Construction for Electro-Magnets. By 

Connt Tb. Du Honckl, Mem. de llnstitnt de France. Translated &onl 
the Frendi by C. J. WHAKTOK. Crown Svo, doth, 41. 6A 

Electro -Telegraphy. By Frederick S. Beechey, 

Tel^raph Enebeer. A Book for Bonnets. ItluitraUd. Fcap. 8to, 

Handrailing: by the Square Cut. By John Jones, 

Staircase Builder. Part Second, imlk dghlflaltt, Svo, doth, y. 6d. 

Practical Electrical Units Popularly Explained, with 

Humernu Ututtratiom and Remarks. By James Swinburne, late of 

tW. Swan and Co., Paris, late of Brash-Swan Electric Light Company, 
.S.A. iSmo, doth, u. fid. 

PhilippReis, Inventor of the Tel^kone: A Biographical 

Sketch. With Documentary Testimony, TranslatioDS of the Original 
Papers of the Inventor, &c By SiiVANUS P. Thompson, B,A., Dr. Sc, 
Professor of Eiperimental Physics in University College, BristoL WUk 
ilhutraUetu, Svo, doth, 7.r. hd, 

A Treatise on the Use of Belting for the Transmis- 
sion of Fmatr. By J. H. Cooper. Second edition, iUiutrated, Svo, 
doth. I St. 
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A Pocket-Book of Useful Formula and Memoranda 

for Civil and Mechanical Engineers. By Guilfokd L. Molesworth, 
Mem. Inst. C.E., Consulting Engineer to the Government of India for 
SUte Rulnrays. With numerous illuslratiims, 744 pp. Twenty-first 
edition, revised and ealaiged, 3Zmo, roan, G.i. 
Synopsis op Contents: 

Suneyiin, LmnUing, Mc— Slrmgth and Weighl of Materiuls— Earthwork. Brickwolk, 
Huonry, Arches, elc— Struts. ColuiDnj, Bclnis, and Trusiu— Floaiing, RooAne, and Roar 
Tramt— Girders, Bridge!, etc.— Railways and Road!— Hydraulic Formul*— Canali. Seweri, 
WaCerwnrks, Docki-TrrigUicii and BiulLwaUrs-Gas, Ventilalion, and Warminc— Heal, 
Lsbt, Colour, and Sound— Gravity : Ccnlres, Porco, aad Powers— MiUwork, Teetli of 
Wheels, ShaTtins, etc.— Workshop Redoes — Sundry Madurtery— Animal Power— Stcatn and 
the Sieam Enelne— WaIer-po»cr, Water-wheels, TuibhKS. etc^Wind and Windmills- 
Steam Navigation, Ship Building, Tonnage, etc.— Gunnerr, Projectiles, etc— Weighu, 
Heasures, and Money— THgonometTy, Conic Sections, and CurYci—Telegra|^y-Uensura- 
lioa-Tables of Areas and CiroinietenM, and Area of Circles— Loniilhnu, Square and 
" ■ "tedprocals, etc.— Useful Numhera— Diflerentjal and Integral Caliai- 



hu— Algeb 



Sports' Tables and Memoranda for Engineers; 



This woric is prinCed in ■ pearl type, and is so sniaU, iqeasuring only at in. by it in. by 
i hi. thidc, thai it may be easily carried in the waistcoat pcH^et. 

'* It ifl certainly an extremely rare thine Tor a reviewer to be called upon to notice a volume 
measuring bat ai m. by it in., yet these dimensions faithfully represent the siie of the tiandy 
litCk bo(* befwe us. The vnliune — »hich contains iiS prinlecl pa^s, besides a few btank 
pages f4v inanoranda — is, in fad. a true pocket-book, adapted for beu^ earned in the waist- 
coat podket^ and containing a far greater amount and variety of iofomiatiou than most people 

compiled with considerable care and judgment, alid we can cordially recommeiid it to our 
readers as a useful Uttle pocket companioo," — Engziutriag. 

A Practical Treatise on Natural and Artificial 

Concrete, ils Varieties and ConslructrBc Adaptations, By Hbnry Rbid, 
Author of the ' Science and Art of the Manufacture of Portland Cement." 
New Edition, teilk 59 vioodeutt and 5 plates, 8to, doth, 15;^ 

Hydrodynamics : Treatise relative to the Testing of 

Water- Wheels and Machinery, with various other matters pertaining to 
Hyiirod]>naTnii:s. By James Emerson. IViti numerout illustrainini, 
360 pp. Third edition, crown Svo, cloth, 4^, (>d. 

Electricity as a Motive Power. By Count Th. Dir 

MOMCKL, Membie de I'lnstilut de France, and Frank Geraldv, Ingj- 
nienr des Fonts et Chauss^es. Translated and Edited, with Additions, ny 
C. J. Wharton, Askh^ Soc Tel. Eng. ind Eiec IVilA 1 1 3 engraving 
and diagrami, crown Svo, cloth, 7/. td. 

Hints on Architectural Draughtsmanship. By G. W, 

TUXFORD Hallatt. Fcap, 8vo, cloth, 1/. dd. , 
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Treatise on Valve-Gears, with special consideration 

of the LJnk-MotioDS of Locomotive Engina. By Dr. GusTAV Zxithek, 
Piotessor of Applied Mechanics at Ihe Confederated Fol^echnilmm of 
Ztuich. Translated from Uie Fourth Genoon Edition, by Professor J. F. 
KleiK, Lehigh Univeisity, Bethlehem, Fa. Ilhtitraiid, Sto, doth, iw. bd. 

The French' Polisher's Manual. By a French- 

Folisher; conlaining Timber Staining, Washing, Matching, Improring, 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, Fiench-Polishing, Directions for Re- 
poliihing. Tlurd edition, rcr^ 33nia, sened, (>d. 

Hops, their Cultivation, Commerce, and Uses in 

varieut Ceuntria. By P. L. Siuhomds. Crown Sto, doth, 4/. M. 

A Practical Treatise on the Manufacture and Distri- 

tutitin of Ctial Cos. By William RICHARDS. Demy 4to, utitb mvHwrmw 

viocd tngratiingt and 29 plata, cloth, 38f. 

Synopsis op Contents : 

IntToductiDn — HlstoiT of Gu Liehting — ChemiiDr of Gu HMnu&eiure, by Lcwii 
Thompum, Esq., U.R,C.S. — Coat, wich Analyses, by J. Paterson, Lewis Thompson, and 
G. R. Hiilgp, EMjra.— Reiont, Iron anil Clay— Reton SttrinE— Hydraulic Main— CoD- 
densen—Eihiuslcn— Washers and Scrubbim—Furllien — Punfication — History of Gu 
Holder — Tanlu, Brick and Stones Composite, ConcieH, Casl-iron, Compound AdduIat 
WnnighlJron— Spedliesliom — Gas Holdeii — SlaHoD Meter— Gowraor—Diatrihudon— 
HalBa--Gu Muhemadci, ot Fonnula for [be Dlitributian of Ga^ by Lewis Tbompuin, Esq.— 
c. _.,... r. , ., «__.,_.__ „ •^■...■. .. A. -onieler-Carburiiaiion 



of Gas— Air Gas and Water Gi*— Compoulion of Coal Gas. by Lewis Tham, 

Analysei of G»— Influence of Atmoephetie Pressure and Terapnuure on Gni— Kesiclual 
Pxvdncts— Appendijc — Dcscsiption of Recon Settings, BuiidiDgs, etc.» etc 

Practical Geometry^ Perspective^ and Engineering 

Draivitig; a Course of DescriptiTe Geometry adapted to the Keqnire- 
ments of Ihe Engineering Draoghtsman, including Ihe determiaation of 
cast shadows and Isometric Projection, each chapter being fcdlowed by 
nameroas examples ; to which aie added rules for Shading, Shade-lining, 



etc, together with practicBl instructions as to tlfe Lining, CtJotlring, 
Printing, and general treatmoat of Engineering DrOTrings, with a chapter 
on drawing Instnunents. By Georgb S. Clarke, Capt K.E, Second 
edition, wtM 21 plata. 2 vols., doth, loi. 6d, 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, truislated from the German by G. S. Clarke, Capt. 
R.E., Instmctor in Mecluudcal Drawing, Royal Indian Engineering 
CoU^e. K^i 93 ilbistraHons, crown Sto, doth, ^. 

The Principles of Graphic Statics. By George 

Stdbnhau Clarkb, Capt Royal Engineers. IVitA 112 tUuitraSom. 
4to, doth, 12/. td. 

Dynamo-Electric Machinery : A Manual for Students 

of Electro-technics. By Silvamus P. Thompson, B.A., D.Sc., Professor 
of Experimental Physics in University College, Bristol, etc, etc Second 
edition, illtatrattd, Svo, doth, I2.t. 6a 
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The New Formula for Mean Velocity of Discharge 

of Rijiers and Canali. By W. R. Kuttbk. Translated froni articles in 
the ' Culturlnginieur,' by Lowis D'A. Jackson, Assoc Inst C.E. 
8vo, cloth. III. W. 

Practical Hydraulics ; a Series of Rules and Tables 

for the «se of Engineers, etc, etc. By Thomas Box. Fifth edition, 
nKiHtroiu plaits, post Svo, cloth, 5j. 

A Practical Treatise on the Construction of Hori- 

nmtal and Vtrlical Waltrvihieli,.sfea%!i\y designed for the use of opera- 
tive mechuiics. By William Cullbn, Millwright and Engineer. IVitk 
II plala. Second edition, revised and enlarged, small 4to, doth, lit. 6d. 

Tin: Describing the Chief Methods of Mining, 

Dressing and Smelting it abroad ; witU Notes upon Arsenic, Bismuth and 
WolTram. By Arthur G. Charlbton, Mem. Americaa Inst. a( 
Mining ^giueers. fVilhplaUi, Svo, doth, lis. 6d. 

Perspective, Explain^ and Illustrated. By G. S. 

Clarkb, Capt R.E. mih illuttratietu, %vo, cloth, y. 6d. 

The Essential Elements of Practical Mechanics; 

based an tki PrititifU of IVork, designed for Engineering Students. By 
Oliver Byrnx, fonnerly Professor of Mathematice, College for CivQ 
Engineere, Third edition, with 148 wood mgravings, post 8vo, doth, 

Contents : 

Cbap. I. How Work Is Measund by a. Unit, both with laA without rerercnce to a Unk 
of Time— Ckap. 1. Tlic Worli of Living Agents, the Influence of Fricilon, and introducei 

fieond chaplera »re applied to the Motisn of Bodied— Ciijp. 4. The Trjjumission of Worit by 
■ii^e Uichines— Oup. J. UKful Propoiilioiis sad Rules. 

The Practical Millwright and Engineer's Ready 

Rxiontr; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shalU, diameter and EtrengUi<tf bolts, eU 
By Thomas Dixon. Fourth edition, izmo, doth, y. 

Breweries and Mailings : their Arrangement, Con- 
struction, Uachinery, and Plant. By G. Scambll, F.R.I.B.A. Second 
edition, revised, enlatged, and partly rewritten. By F. Colybr, M.I.C.E^ 
M.LM.E. IVM saflata, Svo, cloth, i&. 

A Practical Treatise on the Manufacture of Starch, 

Clueose, Slarch-Sugar, and Dextrine, based on the German of L. Von 
Wi^er, Professor in the Royal Technical School, Buda Pesth, and 
other authorities. By Julios Fkahkel ; edited b; Robert Huttek, 
proprietor of the Philadelphia Starch Works. With JS ilbatraHont, 
344 pp., Svo^ cloth, 18^. 

» 3 
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A Practical Treatise on Mill-gearing, Wheels, Shafts, 

Riggers, etc. ; for the nse of Engineers, '^ Thomas Box. Third 
edition, TOiM 1 1 plattt. Crown 8yo, cloth, Is. id. 

Mining Machinery: a Descriptive Treatise on the 

Machinei7, Tools, and other Appliances used in Mining. By G. G. 
ANDRi, F.G.S., Assoc. Inst C.E,, Mem. of the Society of Engineers. 
Royal 4to, noifonn with the Author's Treatise on Coal Miniog, cen- 
tring 1S3 platts, accurately drawn to scale, with descriptive text, in 
3 vols., cloth, 3/. izi. 

Contents ; 

Machinen" for Praspeclliig, Eitavatirg, Hauling, and Ffoisting— Ventilation— Puminng— 
Treatmeat of Mmcial Producls, bdludicg Gold and Silver, CapPEr, Tin, and Lead, Iron 
Coal, Sulphur, CJiina CUy, B.ick Eanh, elo. 

Tables for Setting out Curves for Railways, Canals, 

Roadt, etc., varying Irom a ladins of five ch^ns to three miles. By A. 
Kennedy and R, W. Hackwood. Illustrated, 3amo, cloth, is. bd. 

The Science and Art of ike Manufacture of Portland 

Cement, with observations on some of its constructive applications. With 
66 illuslrationi. By Henry Reid, C.E., Author of 'A Practical 
Treatise on Concrete,' etc., etc 8vo, cloth, i8r. 

The Draughtsman's Handbook of Plan and Map 

Z>ravnng; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous UlustraHBns 
in the text, and 33 plala (15 printed in coloun). By G. G. AndrS, 
F.G.S., Assoc. Inst. C.E, 4to, cloth, 91. 

Contents : 

Tie Drawing Office and its Pumiihingt— G«nietiical Pmblcnu— Lines, DoCi, and iheb 
ConibinaIion5-~ColauTE, Shading, Letlering. Bordering, and North Points^Scales— Ploldng 
—Civil Engiaeen' and Survcjon' Plans— Map Diawinj— Mechanical and AjxhitecIunS 
Drawing— Copying and Reducing Trigonometriad Formulicj clc-, etc. 

The Boiler-makers andiron Skip-builder's Companion, 

comprising a series of original and carefully calculated tables, of the 
utmost utility to peisons interested in the iron trades. By Tames Fodbk, 
author of ' Mechanical Tables,' etc Second edition revised, with illustra- 
tions, crown 8vo, cloth, jj. 

Rock Blasting: a Practical Treatise on the means 

employed io Blasting Roclis for Industrial Purposes. By G. G. Andr£, 
F.G.S., Assoc InsL C.E. With 56 ilhistraliiins and iiplates, 8vo, cloth, 
lOi, 6d. 

Painting and Painters' Manual: a Book of Facts 

for Painters and those who Use or Deal in Faint Materials. By C. L. 
CONDIT and J. SCHELLER, Illustrated, 8to^ doth, lor. dd. 
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A Treatise on Ropemaktng as practised in public and 

prniaU Repe-yards, with a Descriptioo of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc By R. Chapman, formerly foreman to Mesirs. Huddart 
imd Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, ixmo, cloth, 3/. 

Laxion's Builders* and Contractors' Tables ; for the 

use of Enginei 
others. BnckL 
4I0, cloth, 5/. 

Laxton's Builders' and Contractors* Tables. 



Sanitary Engineering: a Guide to the- Construction 

of Works of Sewerage and House Drainage, with Tables for lacili tali ng 
the calculations of the Engineer. By Baldwin Latham, C.E., M, Inst. 
C.E., F.G.S.,F.M.S., Past-President of the Society of Engineers. Second 
edition, with Huimntis plaits and ■woodcuts, Svo, clolb, i^ lox. 

Screw Cutting Tables for Engineers and Machinists, 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord LJndsay, M.P., F.R.S., F.R.A.S., 
etc Cloth, oblong, u. 

Screw Cutting Tables, for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table (or m^ing the 
Universal Gas-pipe Threads and Taps. By W. A. Maktin, Engineer. 
Second edition, oblong, cloth, 11., or sewed, fid, 

A Treatise on a Practical Method of Designing Slider 

Valoi Gears by Simple Ceametrieal CottslnicHon, based upon the principle* 
enunciated in Euclid's Clements, and comprising the various fonns of 
Plain Slide- Valve and Expansion Gearing ; together with Stephenson'*, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crowu Svo, cloth, 61. 

Cleaning and Scouring : a Manual for Dyers, Laun- 

. dresses, and for Domestic Use. By S: Christopher. iSmo, sewed, 6d. 

A Handbook of House Sanitation ; for the use of all 

persons seeking a. Healthy Home. A reprint of those portions of Mr. 
Bailey-Denlon's Lectures on Sanitary Engineering, given before the 
School of Military En^neering, which related to the "Dwelling,'' 
enlarged and revised by his Son, E. F. BaileY'Dbnton, C.E., B.A. 
fVili 140 iiiiulraUcni, Svo, cloth, is. 6d 
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A Glossary of Terms used in Coal Mining. By 

WiLLiAii! Stukelkv Gkkslby, Asioc Mem, InsL C.E^ F.G.S., Member 
of the North of Eaglsnd Institate of Mining Engineeis. Ilbutraftd vnth 
Humtreu} woodeult and diagrams, crown 8vo, cloCb, p. 

A Pocket-Book for Boiler Makers and Steam Users, 

compriang a variety of uscfnl information for Employer and Workman, 
Goreroment Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Muiafactories, aiui the general Steam- 
using Pablic. By Mauricb John Sexton. Secood edition, royal 
33mo, roan, gilt edges, 5/. 

Electrolysis: a Practical Treatise on Nickeling, 

Coppering, Gildii^, Silvering, the Reliniag of Metals, and the treatment 
of Ores by means (rf Electricity. By Hippolytk Fontaine, translated 
from the French by J. A. Berlt, C.E., Assoc. S.T.E. . With engraving}. 
%ya, cloilh, 9/. 

A Practical Treatise on ike Steam Engine, con- 
taining Flans and Arrangements of SetaUs for Fixed Steam Engines, 
with Essays on the Principles involved in I>esign and Construction. By 
AKTHITR Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, ea^otafy illmlratid 
vilk vioodcHts and g6 plata, in one Vtdame, half-bound morocco, il. xi. ; 
or cheaper edition, cloth, 25/. 

This work la nol, in any KBSe, an elemenary Inaliw, or Uslory gf llie sleam encint, but 

rccenl nmnacmaaa of HorilonU], Vc'niia!. Bmn, Pumj^g. Winding, FDiublc, Stmi- 
nnnahle- CarSsi. Allen. ComDound. ind othci umliar EiuHnu. Sv Ihiz nyact Eminent Finns IB 

ud EquU 

, „ _. imwiirbe 

cles upon tlie Velocily of Reciprocating Parts and Lbe Mode of Applying the IndicBIOT, 
It and Eipsnsion of Sieara Govemora, and the like. It h the writcr'i d«i« to draw 



Barlow's Tables of Squares, Cubes, Square Roots, 

Cubt Reott, Rtcipretals of all Inligtr Nuwihtrt uf te 10,000. Post 3vo, 
doth, &. 

Camus (M.) Treatise on the Teeth of Wheels, demon- 
strating the best forms which can be given to them for the purposes tA 
Machittery, snch as Mill.woik and Clock-work, and the art of finding 
their nmnben. Translated from the French, with details of the present 
practice of Millwrights, Engine Makers, and other Machinists, by 
Isaac Hawkins. Third editicm, viith \t plates, 8to, doth, y. 
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A Prt^tical Treatise on the Science of Land and 

Engintfring Surviying, LrsdliHg, Eitimating QiianHties, etc., with a 
general descriptioQ of the several Instromenls required for Stuveying, 
Levelling, Plotting, etc. By H. S. Mkrrett. Foarth edition, reviswl 
by G. W, UsiLL, Assoc. Mem. Inst. C.E. 41 plates, 'anth illmtraHont 
andtabks, royal Svo, doth, lu. 61^. 

Pkincipal Contents ; 

Fait I. Introduction and Iht Piindples of Geamenr. Put i. Land Surreytngi com- 
prising General ObaervaiioM— The Chain— Ofiktls Surrtying by the Chain onlT—Surviying 
Hiilj Ground— Tu Survey an Estate or Parish by the Chain only— Surveymg with Che 
TheodoLile— Mining and To«n Suryeying— Kailroad Surveying— Maprang— Division and 
Laying out of Lantf-Observations on Enclosures— Plane TrigonometTT. Tart 3. LeyellinK— 
Simple and Compound Lcvcliing— The Level Boole— Farijamenlary Plan and Section- 
Levelling with a Theodolile— Gradients— Wooden Curves— To Layout a Railvar Cnrre— 
Setting out Widths. Part 4. Calculating Quantities generally for Estimates — Cuttings and 
Embankments— Tuniwls—Btidiwork—Ironwott— Timber Measuring. Pail s. Description 
and Use of Instruments In Surveying and Ploning— The Improved Dumpy Levef-Troughton't 
Level — The Prismatic Compass— PronortionaT Compass— Boi Sei tant —Vernier —Tanla- 
graph— Mstretfs Improved Quadrant— Improved Computation Scale— The Diagonal Scale— 
Straight Edge ami Sector. Part 6. Logarithms of Nunberj — Logaritlimu: Sines and 
Co-Sines, Taogenls and Co-Tangents— Natural Sines and Co-Sines— Tables for Eacthwo^ 

Saws: the History, Development, Action, Classifica- 
tion, and ComfarisBit of Saws of all kinds. By ROBERT GkiushAW. 
WUh 220 illustrations, 4I0, cloth. \3J. td. 

A Supplement to the above ; containing additional 

practical matter, more especially relating to the forms of Saw Teeth for 
special material and conditions, and to the behaviour of Saws mtder 
particular conditions. fVi/A 12a illustrations, doth, 9^. 

A Guide for the Electric Testing of Telegraph Cables. 

By Capt. V. Hoskker, Royal Danish EiigineerE. i^ith Uhittraliom, 
second edition, crown 8vo, cloth, 4J. 6rf. 

Laying and Repairing Electric Telegraph Cables. By 

Capt. V. HosKI(£K, Royal Danisb En^neers. Crown Sto, doth, 
y.6d. 

A Pocket-Booh of Practical Rules for the Proportions 

of Modern Engines and Boilers for Land and Marine purposes. By N, P. 
Burgh. Seventh edition, royal 32mo, roan, \s. 6d. 

The Assayer's Manual: an Abridged Treatise on 

the Docimastic Examination of Dies and Furnace and other Artificial 
Producis. By Bhuno Kerl. tianslaleii by W. T, Brannt. Wifk 65 
illustrations, Svo, cloth, 121, 6d, 

The Steam Engine considered as a Heat Engine ; a 

Trealiie on the Theory of the Steam Engine, illustrated by DiagramE, 
Tables, and Examples from Practice. By Jas. H. Cottbrill, M.A., 
F.R.S., Professor of Applied Mechanics in the Royat Naval College. 
Svo, cloth, 121. 6d. 
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Elecirictty: its Theory, Sources, and Applications, 

Br J. T. Sprague, M.S.T.E. Second edition, revised mid enlarged, with 
numertiMi illmlraUotu, crown Svo, doth, 15/. 

The Practice of Hand Turning in Wood, Ivory, Shell, 

tU., with Instnictbns for TorniDg soch Work in Metal as may be reqoiied 
in the Practice of Turning in Wood, Ivoiy, etc ; also an Appendix on 
Ornamental Tuming, (A lioDk for begimieis.) By Fkancis Cahfin. 
Third edition, with wood engraving], ciown Svo, doth, Si. 

COKTBNTS : 

On Litho— Tuming Tools— Turning Wood— DriflinpT-Screw Cutdng— MisceHaneonl 
Apparatus and ProceaMs — Turning Particular Forms— SWming—Pglisiiiiig^Si'umiiig Mct>U 
— Maierlals— OmameDuI Tuiubig, cli^ 

Health and Comfort in House Building, or Ventila- 
tion Tuilk IVarm Air by Silf-Acting Suction Power, with Review ot the 
mode of CalculatiDg the Draught in Hot-Air Flues, and with some actoal 
Eiperiments. By J, Drysdalb, M.D., and J. W. Hayward, M.D. 
Second edition, with Supplement, with plates, demy Svo, cloth, is. 6d. 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nei-thropp, M.A,, F.S.A. With 32 Uhulrationi, crown 
Svo, doth, 6s. 6d. 

Contents : 

rdt and Tcnni used iu Wstchwork— Tools— Time— Histoiical Sum- 
lations of the Numbcn for Wfaeels and Hnions ; their Fropottiooal Siiei, 

_ Dial Wheels, or Motion Work — Length ot Time of Going without Winding 

up— The Verge— Tht HoiiiontiJ- Tho Duplcj— Tht Lever— The Chionometei— Reiealing 
Watches— Keyless Watche?— The Pendulum, or Spiral Spring— CompeusctioD — Jewelling « 
Pivot Hole;— Oerkenvell— Filladei of the Trade— Iniaptcity of Workmen— Ko> to Choose 
and Use I Wueh, etc. 

/^otes in Mechanical Engineering. Compiled prin- 
cipally for the nse of the Students attending the Classes On this subject at 
the City of London College. By Henry Adams, Mem. InaL M.E., 
Mem. Inst. C.E., Mem. Soc of Engineers. Crown Svo, cloth, 2f. bd. 

Algebra Self-Taught. By W. P. Higgs, M.A., 

D.Sc, LUD., Assoc Inst C.E., Author of ' A Handbook of the Differ- 
ential Calculus,' etc. Second edition, crown 8vo, cloth, zj. M. 
Contents : 

Symbols and the Signs of Operation— The Equation and the Unknown Qusntily— 
Positive and Negative Quantities— Mul.ii'lintiun— Involution— Eiponents—Nega^ve Eipo- 
nents — Roots, and the Use of Exponenls n Lajariihnis~-Lag>rilhnis— Tables of Logatllhnu 
and Pioporiionaie Parts- Trans romi'!:-on o' System of Logatithms— Common Uses of 
Common LoEsrithms — Compound U.'l:;o''cation and the Binomial Theorem— Division. 
Fractious, ami Ratio— Continued Ptopardon- The Series and the Summational the Series- 
Limit of Series— Square and Cube Roots— Eqiiatians---List of Formuhe, etc 

Spons' Dictionary of Engineering, Civil, Mechanical, 

MiBtary, and Naval; with technical terms in French, Gennan, Italian, 
and Spanish, 3100 pp., and nearly Sooo engravings, in Super-royal Svo, 
in S divisions, 5/. is. Complete in 3 vols., cloth, ^t. ^s. Bound in a 
superior mannei, half-morocco, top edge gilt, 3 vols., bL lit. 
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Canoe and Boat Building: a complete Manual for 

Amateurs, containing plain and comprebeoslve directions for tlie con- 
struction of CoQOes, Rowing uid Sailing Boats, and Hunting Craft. 
By W, P. Stiphens. With numeroui illusiraliom and 24 plalu of 
Wbrkittg Drawings. Crown Svo, cloth, It. bd. 

Cultural Industries /or Queensland: Papers on the 

cultivation of nscfiil Plants soiled to lie climale of Queensland, (heir 
TBloe ss Food, in the Arts, and in Medicine, and methods of obtaining 
their products. By 1_ A. Bbrnays, F.L.S., F.R.G.S. 8vo, half call, 
7f. 6d. The same, in cloth, 61. 

Proceedings of the National Conference of Electricians, 

Philadelphia, October 8th to 13th, 1884. i8mo, cloth, 3^. 

Dynamo - Electricity, its Generation, Application, 

Transmission, Storage, and Measurement Bj G. B. Prbscott. With 
545 illmtratieni. 8to, cloth, ll. is. 

Domestic Electricity for Amateurs. Translated from 

the French of E, Hosfitaliek, Editor of " L'Electricien," by C. J, 
Wharton, Assoc. Soc. Tel Eog. Numerous illustratioits. Demy Svo, 
cloth, gj. 



ProducdoD of ihe Elecliic CuircDt— 1. Electric Bclb— 3. Automatic Alamu— 4. DoDKHic 
_.. _ =■.___.. ^...i.- . .-. .,_.. _ T, 1. "■--„« lighting— 

IlrotyiHEig. P]at!Dj[, and Gilding— la. Electric ReCroitiQIB^I]- 



TetcphDnei— ;. EIcRric Ooeks— 6. Electric LiehteTs—T. Domestic Electric lAshiim 



in of the Electric Light~g. Elcctrfc Motors— lo. Electrica] 
cadou— Woikshop'of the Elet 



Wrinkles in Electric Lighting. By Vincent Stephen. 

mih Ultutrationt. iSmo, cloth, 2s. dd. 



The Practical Flax Spinner ; being a Description of 

the Growth, Manipulatioo, and Spiooing of Flax and Tow. By Lesue 
C. Marshall, of BelKist. WUh illustrations. 8vo, cloth, ijj. 

Foundations and Foundation Walls for all classes of 

Buildings, Pile Driving, Bnilding Stones and Bricks, Pier and Wall 
construction, Mi>rtars, Limes, Cements, Concretes, Stnccos, &c 64 Uha- 
trahans. Bj G. T. POWELL and F. Bauuan. Bvo, cloth, lew. 6J. 

The British fugernath. Free Trade ! Fair Trade ! I 

Reciprocity III and Retaliation !!ll By G. L. M. 8vo, sewed, dd. 



izecoy Google 



CATALOGUE OF SCIENTIFIC BOOKS 



Manual for Gas Engineering Students. By D. Lee. 

iSmo, doth ij. 

Hydraulic Machinery, Past and Present. A Lecture 

delivered to the Londou and Suburban Railway Officials' Assodation. 
By H. Adaus, Mem, Inst. C.K Folding fiab.' 8vo, sewed, u. 

Twenty Years with the Indicator. By Thomas Pray, 

Jun., C.E., M.E., Member of the American Society of Ciril Engioeen. 
2 v<^, roja] Svo, cioth, lis. dd. 

Annual Statistical Report of the Secretary to the 

Members eflhe Iron and Steel Association an the Homi and Foreign Iron 
and Steel Induilries in 18S4, Issued March 1885. 8vo, sewed, J/. 

Bad Drains, and How to Test them ; with Notes on 

the Ventilation of Sewers, Drains, and Sanitary Fittings, and the Origin 
and Transmission of Zymotic Disease. By R, Hakkis Reeves. Crown 
8vo, cloth, y. 6d. 

Standard Practical Plumbing; being a complete 

Encycloptedia for Practical Plumbers and Guide for Arcbitecis, Builders, 
Gas Fittus, Hot-water Fitters, Ironmongers, Lead Burners, Sanitary 
Engineers, Zinc Workers, &c. Illustrated by over 2000 engravings. By 
P. J. Davies. Vol I, royal 8vo, doth, is. 6d. 

Pneumatic Transmission of Messages and Parcels 

bitween Paris and London, via Calais and Dover. Bj J. B. Bekliex, 
C.E. Small foUo, sewed, dd. 

List of Tests {Reagents), arranged in alphabetical 

order, according to the names of the originators. Designed especially 
for the convenient reference of Chemists, Pharmacists, and Scientists, 
By Hans M. Wilder. Crown Svo, cloth, +t. 6d. 

Ten Years' Experience in Works of Intermittent 

Downward Filtration. By J. Bailey Dhnton, Mem. Inst C.E, 
Second edition, with additions. Royal 8vo, sewed, 4^. 

A Treatise on the Manufacture of Soap and Candles, 

Lubricants and Glycerin. By W. Lant Carpentir, B.A,, B.Sc. (late 
of Messrs. C. Thomasand Brothers, Bristol). With Ulmtraiions. Crown 
8vo, cloth, icu. dd. 
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The Stability of Ships explained simply, and calculated 

by a new Grapkk method. By J. C. Spenck, M,I.Nj\. 410, sewed. 

Steam Making, or Boiler Practice. By Charles A. 
Smith, C.E. 8to, cloth, gj. 

COKTHNTS": 

1. Eiunisillr Find 

■ecgth of Boilers— 7. Pi 
-S. MiaccJlaoeoua Boiki 



and Slreogth of Boilers— 7. Pro- 



of Bf^lcr Finings nnd AppimenvicH 



The Fireman's Guide ; a Handbook on the Care of 

BoUcrs. By Teknolog, fbrenineen T. I. Stockholm. Translated from 
the third edition, and revised by Karl P. Damlstrom, M.E. Second 
edition. Fcap. 8vo, cloth, zi. , 

A Treatise on Modern Steam Engines and Boilers, 

including Land Locomotive, and Marine Engines and Boilers, for the 
nse of Students. By Frederick Colykr, M. £ist. C.E., Mem. Inst. M.K 
With T/b piatts. 4to, cloth. , {JVearly ready.) 

CoMraBTl! 

I. Introducliou— 9. Original Engines— 3. Boilers— 4. High-Preaare Bam Engines— t. 
Comlsti Beam Enginei— 6, Hotiiontal EDgiou— ;■ OidllBtmg Engines— a. Vertical Higb- 
Presiure Enpnes— 9. Special Engine!— 10. PotUble Engines— 11. Loeomotive Engines— 

Steam Engine Management; a Treatise on the 

Working and Management of Steam £■ ' " — " — ■■ • 

C.E., Mem. Inst. M.E. iSmo, cloth, is. 



Land Surveying on the Meridian and Perpendicular 

Syslrm. By William Fenuan, C.E. 8vo, doth, %i. 6d. 

The Topographer, his Instruments and Methods, 

dengned for the use of Students, Amateur Fhologiaphers, Surveyors, 
Engineers, and all persons interested in the location and construction of 
works based upon Topography. Illustralal iviik numerous plates, maps, 
and engravings. By Lewis M. Hauft, A.M. 8vo, doth, i%s. 

A Text-Book of Tanning, embracing the Preparation 

of all kinds of Leather. By Hakry R. Proctor, F.C.S., of Low Lights 
Tamieries. With illustrations. Crown Svo, doth, lot. &£ 
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la npcr-roral In), 1168 pp, wOk *ioo iittatmlioHt, in ] Dlviilaiis, dglll, price iil,6d. 
each ; « i vol., dolh, it -. or liidf-siDiocco, tl. U. 

A SUPPLEMENT 

SPONS' DICTIONARY OF ENGINEERING. 

Editkd by ERNEST, SPON, Mxmb. Soc. Enginkwis. 



Abacnt, Counters, Speed 

Indicatots, and Slide 

Rule. 
Agricultural Implements 

and Macliuiet7. 
Air Compressora. 
Animal Charcoal Ma- 
Antimony, 

Axles and Axle-boxes. 
Bim Machineiy. 
Belb and Belting., 
Blasting. Boilers. 
Brakes. 

Brick MscliiQerj, 
Bridges. 

Cages for Mines. 
Calculus, DiSereutialand 

bilegiaL 
Canals. 
Carpentry. 
Cast Iron. 
Cement, Concrete, 

Limes, and Mortar. 
Chimney Shafts. 
Coal Cieansing and 

Washing, 



Coal Mining, 
Coal Cutting Machbes. 
Coke Ovens. Copper. 
Docks. Drainage- 
Dredging Machineij. 
Djmamo - Electric and 
Magneto-Electric Ma- 

Dynamometeis. 

Electrical Engineering, 
Tel^iaphy, Electric 
Lighting and its prac- 
ticaldetaiIs,Telephoaes 

Engines, Varieties of. 

Explosives. Fans. 

Fonndiog, Moulding and 
the practical work of 
the Foundry. 

Gas, Manu&clnre of. 

Hammers, Steam and 
other Power. 

FleaL Horse Foiver. 

Hydraulics. 

Hydro-geology. 

Lifts, Hoists, and Eleva- 



Lighthouses, Baoys, and 

Beacons. 
Machine Tools. 
Materials of CoDSlmc- 

Meters. 

Ores, Machinery and 
Processes employed to 

Piers. ' 
Pile Driving. 
Pnennatic Tiansmis- 

Pamps. 

Pyrometers. 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

SCeeL 

Steam Nawy. 

Stone Machinery, 

Tramways. 

Well Sinking. 



Iiondon: £. & F. N. SPON, 136, Strand. 

N«w York: 3S, Hurra? Street. 
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NOW COMPLETE. 



SPONS' ENCYCLOPAEDIA 

INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 
PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 



». 13 pp 
78figa. 



Alcohol, 23 pp. 
Alcoholic Lignon, 
Alkalies, Sg pp. 7! 
Alloys. Alma, 

AspbslL Axsayinf'. 
Beverages, B9pp.39fiss. 

Bleaching Powder, 15pp. 
Bleaching, 1 1 pp. 48 figs. 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Cellnldd, 9 Fj>. 
Cements. Clajr. 
Coal-tar Products, 44 pp. 

Cocoa, Spp, 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs- 
Cotton Hanufactures, 62 

pp. 57 figs. 
Drugs, 38 pp. 
Dyong and Calico 

Printing, 28 pp. 9 figs. 
Drestu^, 16 pp. 
Electro-Hetallurgj, 13 

pp. 
Explosives, 12 pp. 33 figs. 
Feathers. 
Fibrous Substances, 92 



Food Pieaerration, 8 pp. 
Fruit, 8 pp. 



Gas, Coal, 8 pp. 

Glass, 45 pp. 77 figs. 
Graphite, 7 pp. 
Hair. 7 pp. 
Hair Mann£ictiire& 
Hats, 26 pp. z6 figs. 
Honep. Hops. 

Ice, 10 pp. 14 figs. 
Indiaiubber Manufac. 

lures, 23 pp. 17 figs. 
lab, 17 pp. 

Jute Manufactures, 1 1 

pp., II figs. 
Knitted Fabrics — 

Hosiery, 15 pp. 13 figs. 
Lace, 13 pp. 9 figs. 
Leather, 28 pp. 31 figs. 
Linen Manufactores, 16 

pp. 5 figs. 
Manures, 21 pp. 30 figs. 
Matches, 17 pp. 38 figs. 
Mordants, 13 pp. 
Narcotics, 47 pp. 
Nuts, 10 pp. 
Oils and Fatly Sub- 

Etalices, 125 pp. 
Paint 

Paper, 26 pp. 23 figs. 
Parafiin, 8 pp. 6 figs. 
Pearl and Coral, S pp. 
Perfiunes, 10 pp. 



Fhoti^tApbjr, 13 pp. 30 

Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and Engraving, 

< 20 pp. S figs. 
Rags. 

Resinoos and Gomniy 
Substances, 75 pp. 16 



Silk, 



pp. 



Silk Manulactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs- 
Spices, l6 pp. 
Sponge, 5 pp. 
Starch, 9 pp. 10 tigs. 
Sugar, 15s pp. 134 

figs. 

Tannin, 18 pp. 
Tea. iz pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, S pp. 
Waj, 5 pp. 
Wool, 2 pp, 
WooUen Mai 
58 pp. 39 fig*. 



London : E. & F. N. SFON, 126, Strand. 

New Tork : 36, Surray Street. 
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Crown 8to, clotli, «ritb iUustrktioiis, St. 

WORKSHOP RECEIPTS, 

FIRST SERIES. 

By ERNEST SPON. 



Bookbiadlog. 
Bronzes and Bronzing. 
Candlet. 

Cleaning. 

Colourwashing. 

Concretes. 

Dipping Acida. 

Drawing Office Detuls. 

Drying Oils. 

Dynamite, 

Electro - Metallurgy — 
(Cleaning, Dipping, 
Scratch-brushing, Bat- 
teries, Baths, and 
Deposits of ererj 
description). 

Enamels. 



Steel, and Stone. 

Etching and Aqua Unt. 

Firework Maiing — 
(Rockets, Stars, Rains, 
Gerbes, Jets, Tour- 
billons, Candles, Fites, 
LanceSjLights, Wheels, 

minor Fireworks). 
Fluxes. 
Foundry Miilures. 



Synopsis of Contbnts. 

Freeiing, 

Fulminates. 

Furmtore Creams, Oils, 

Polishes, Lacquers, 

and Pastes. 
Gilding. 
Glass Catting, Cleaning, 

Frosting, Drilling, ! 

Darkening, Bending, 

Staining, and Faint- 



inWater 



Glass Making. 
Glues. 

Gold. 
Graining. 

Gun Cotton. 
Gunpowder. 
Horn Working. 
Indiarubber, 
Japans, Japanning, a 
kindred processes. 

Lathing. 

Lubricants. 

Marble Worldng. 

Matches. 

Mortars. 

Nitto-Glycerine. 

Oils. 



Paper. 

Paper Hanging. 

Fainting in O-'' '"' 

Colours, as wcu ai 
Fresco, House, Trans- 
parency, Sign, and 
Carriage Painting. 

Photography. 

Plastering. 

Polishes. 

Pottery— (Clays, Bodies, 
Glazes, Colours, Oils, 
Stains, Fluxes, £na< 
mels, and Lustres). 

Scouring, 

Silvering. 

Solders. 



ling. 



Taxidermy. 



>'-Fe&r], and like snb- 

Varnishes, Manufacture 

and Use oL 
Veneering. 
Washing. 
Waterproofing. 
Welding. 



Besides Receipts relating to the lesser Technological matters and pi 
such as the mannfactare and use of StencU Plates, Blacking, Crayons, Paste, 
Putty, Wai, Size, AUoys, Catgut, Tunbridge Ware, Picture Frame and 
Architectural Mouldings, Compos, Cameos, and olbers ' 
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WORKSHOP RECEIPTS, 

SECOND SERIES, 

By ROBERT HALDANE. ■ 



Synopsis o 



COMTEKTS. 



Disinfectuits. Isinglass. 

Dyeing, Staining, aod Ivory substitutes. 

Colooring. LeaEhei. 

Essences. Luminous bodies. 

Extracts, Magnesia. 

Fi reproofing. Matches. 

Gelatine, Glue, and Size.' Paper. 

Glycerine. Parchment. 

Gat Perchloric add. 

Hrdn^n peroxide. Fotassiimi oiralate. 

Ink. Preserving. 

Iodoform. 



Addimetry and Atksli- 

metiy, 
Albumen. 
Alcohol. 
Alkaloids. 
Baking-powders. 
Bitters. 
Bleaching. 
Boiler Incrustations. 
Cements and Lute*. 
Cleansing. 
Confectionery. 
Copying. 

Pigment*, Paint, aad Painting : embracing the preparation of 
Pigvunts, inclnding alumina lakes, blacks (animal, bone. Frankfort, ivory, 
lamp, aght, sool), blues (antimony, Antwerp, cobalt, cceruleum, Egyptian, 
mangaoate, Paris, F^Iigot, Prussian, smalt, ullramorine), browns {liiitre, 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswicic, 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussian, 
sap, Scheele's, Schweinfurlh, titanium, verdigris, linc), reds (Brazilwood lake, 
carminated lake, carmine, Cassius purple, cobalt pink, cochinea] lake, colco- 
thar, Indian red, madder lake, red chalk, red lead, vermilion), whites (alum, 
baryta, Chinese, lead sulphate, white lead — by American, Dutch, French, 
German, Kremniti, and Fattinson processes, precautions in making, and 
composition of commercial samples — whiting, Wilkinson's white, zinc white), 
yellows (chrome, gambc^, Naples, orpiment, realgar, yellow lakes) ; PaUit 
(vehicles, testing oils, driers, grinding, storing, applying, priming, drying, 
filling, coats, bmshes, sorface, water-colours, removing smeU, discoloration ; 
miscelkneous paints — cement paint for carton-pierre, copper paint, gold paint, 
iron paint, lime paints, sillcaled paints, steatite paint, transparent paints, 
tungsten paints, window paint, zinc paints) ; Painting (general instructions, 
proportions of ingredients, measuring paint work ; carriage painting— priming 
paint, best putty, finishing colour, cause of cracking, mixing the paints, oils, 
driers, and colours, varnishing, importance of washing vehides, re-vamishing, 
how to dry paint ; woodwork painting). 
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Cto«n 8vo, doth, 480 pae«s, with 183 illustratioiis, it, 

WORKSHOP RECEIPTS, 

THIRD SERIES. 



By C. G. WARNFORD LOCK. 
UDifbnn trUHi the Tirat uid Bacoud B«ri«s. 



AUo;i. 


Indium. 


Rubidium. 




Iridium. 




Antimony. 


Iron and SteeL 


Seleniiun. 


Biriiiin. 




SilTer. 


BetrUitim. 




su«. 


Kfmnth. 


Lead. 


Sodium. 


Ckdminm. 


Lithium. 


Strontiiun. 


Ctesiiim. 


LnbiicaDts. 


Tantalum. 


Caldam. 


Magnesium. 


Terbium. 


CerimD. 


Manganese. 


Thallinm. 




Mercury. 


Thorium. 


CobaJL 


Mica. 


Tirf. 


Copper. 


Molybdenum. 


Titanium. 


IHdymiam. 


Nickel 


Tungsten. 


Electrics. 


Niobium. 


Uraniuin. 


En»meUandGlu«. 


Osmlnra. 


Vanadium. 


Eibittm. 




Yttrium. 


GaUium. 


Platinum. 


Zinc. 


Glass. 


Potassium. 


Zirconium, 


Gold. 


Ebodiom. 
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